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The  first  announcement  of   the   new   insecticide  now  known  as  chlordane 
appeared   in   the  December  19^-5   issue   of  the   Journal   of  Economic  Entomology. 
In  an  article  by  Kearns  e_t  al.    (245)   entitled  "A  New  Chlorinated  Hydro- 
carbon Insecticide"  attention  was  called  to  a  product  having  the  empirical 
formula  C^oH^Olg  which  had  been  found  to  be  more  toxic  than  DDT  and  to 
compare  favorably   in  toxicity   to   the  pure  gamma  isomer   of  benzene   hexa- 
chloride  to   several   species  of  insects.     The   compound,    called  1068,  was 
stated  to  be  possibly  a  mixture  of   isomers. 


CHEMICAL  NAME 


In  the  19^7   subject   index  of  Chemical  Abstracts  chlordane  is  called 
l,2,4,5,6t7,8,8-ectachloro-2,3,3a,^,7,7a-ttexahydro-4,7-methancindene. 
In  certain  publications  the  name  l,2,4,5,6,7,8,3-octachloro-\7-methano- 
3a,4t7,7a-tetrahydroindane  has  been  used,      [indan  is  2,3-dihydroindene]. 
British  patent  No.   6l8,432  refers  to  the   compound  as  octachlcrodicyclo- 
pentadianedihydride. 


COMMON  NAME 


The  selection  of  the  name  "chlordane"  for  this  chemical  was 
announced  on  February  25,  1947,  following  conferences  of  representatives 
of  the  Bureau  of  Entomology  and  Plant  Quarantine,  the  Production  and 
Marketing  Administration,  the  Pood  and  Drug  Administration,  and  the  com- 
panies producing  this  insecticide.  The  name  "technical  chlordane"  was 
proposed  for  the  "commercially  produced  chemical  containing  60  to  75 
percent  of  chlordane,  together  with  25  to  40  percent  of  related  compounds, 
occurring  in  the  normal  manufacturing  processes,  which  are  toxic  to 
insects."  The  names  "chlordane"  and  "technical  chlordane"  were  recorded 
in  the  Patent  Office  as  of  February  27,  19*4-7. 

Murphy  (34l)  pointed  out  that  the  terminal  "ane"  in  chlordane  is 
misdescriptive  as  it  is  properly  reserved  for  saturated  hydrocarbons 
and  parent  heterocyclic  compounds.   Chemical  Abstracts  and  the  other 
journals  of  the  American  Chemical  Society  refer  to  this  compound  as 
"chlordan",  but  the  United  States  Department  of  Agriculture  and  industry 
call  it  "chlordane". 


LABELING 


For    the  purpose  of  labeling  insecticides  under   the   new  Federal 
Insecticide,    Fungicide,   and  Rodenticide  Act,    the  Production  and  Market- 
ing Administration  of  the  United  States  Department   of  Agriculture   has 
approved  the   use   of   the   shortened  name  -  octachloro-4,7-methanotetra- 
hydroindane. 
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It  has  further  ruled  that  "Technical  chlordane  is  the  commercial  pro- 
duct containing  60  percent  to  75  percent  of  chlordane  together  with  25 
percent  to  40  percent  of  other  related  compounds,  ncr  mally  resulting  from 
the  manufacturing  processes,  and  toxic  to  certain  insects.  All  of  its 
ingredients  are,  therefore,  considered  active  under  the  Insecticide  Act." 


SYNTHESIS 


The  synthesis  of  chlordane  is  described  in  patents  granted  Hyman 
(23J2,  233).  It  is  made  "by  combining  hexachlorocyclopentadiene  and  cyclo- 
pentadiene  to  form  a  Diels-Alder  addition  product  of  the  formula  C  .H^Cl,-, 
to  which  chlorine  is  added  to  form  C^qH^CIs. 


The  reaction  is  as  follows: 
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The  adduct  is  dissolved  in  carbon  tetrachloride  and  treated  with 
chlorine  gas  with  the  resultant  addition  of  two  atoms  of  chlorine  to  the 
double  bond  (A)  to  form  chlordane: 
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It  is  of  interest  to  know  that  Riemschneider  and  Kuhnl  (389)  in 
Germany  claim  to  have  independently  discovered  the  insecticidal  properties 
of  chlordane.  They  were  led  to  prepare  it  from  its  structural  analogy  to 
cantharidin  which  they  state  is  a  contact  insecticide.  The  structure  of 
cantharidin  is: 
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One  of  the  insecticides  developed  by  Eiensschneider  and  Kuhnl,  called 
M-410,  is  stated  to  have  the  same  structural  formula  as  that  assigned  to 
chlordane.  No  details  are  given  regarding  its  synthesis  or  action  on 
insects  but  it  is  claimed  to  be  no  more  toxic  than  DDT  to  mice. 


ANALYSIS 


There  are  no  specific  chemical  and  physical  methods  for  determining 
chlordane. 

Ard  (_22)  has  described  a  qualitative  test  for  chlordane  in  insecti- 
cide spray  oils.  The  method  consists  in  mixing  1  ml.  of  the  sample  in  a 
test  tube  with  2  ml.  of  a  Cello solve-pyridine  (^+0:10)  solution  and  1  ml. 
of  an  approximately  1  N  solution  of  potassium  hydroxide  in  95  percent 
ethyl  alcohol.  When  heated  in  a  boiling  water  bath  with  occasional  agi- 
tation for  5  minutes,  the  appearance  of  a  red  color  indicates  the  presence 
of  chlordane.  A  1-ml.  sample  of  0.2$  chlordane  in  a  deodorized  kerosene 
base  gives  a  wine-red  color  of  considerable  strength,  and  1  percent  gives 
an  intense  dark  red  color.  Very  weak  colors  should  be  regarded  as  pos- 
sibly due  to  other  substances.  A  confirmatory  test  for  chlordane  it  the 
appearance  of  an  odor  resembling  that  of  a  crude  methylnaphthalene  when 
the  sample  is  dehalogenated  with  sodium  in  boiling  isopropyl  alcohol  as 
is  done  in  the  determination  of  total  chlorine.  Toxaphene  is  the  only 
other  insecticide  that  yields  a  similar  odor  when  subjected  to  this  test. 

Some  chemists  using  Ard1 s  method  have  pointed  out  that  the  red  color 
developed  is  due  to  by-products  in  the  technical  grade  of  chlordane  and 
that  pure  chlordane  does  not  give  this  color.  The  method  would  appear  to 
be  applicable,  however,  if  the  amount  of  col  or -producing  materials  were 
a  constant  in  the  commercial  product. 

Alessandrini  (iP_)  modified  Ard1  s  method  by  substituting  ethylene 
glycol  for  Cellosolve  (the  monoethyl  ether  of  ethylene  glycol).   The 
coloration  produced  is  less  intense  than  in  the  original  method.   The 
presence  of  DDT  does  not  interfere  with  the  coloration. 

Analyses  of  chlordane  formulations  by  this  method  and  by  the  deter- 
mination of  total  and  labile  chlorine  have  been  published  by  Alessandrini 
and  Amormino  (ll) . 
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Another  color imetric  method  for  the  identification  and  determination 
of  chlordane  specifies  that  1  ml.  of  a  0,1  -  1.0  percent  solution  of 
chlordane  in  ethanol  "be  mixed  with  1  ml.  N  potassium  hydroxide  in  ethanol 
and  1  ml.  of  a  reagent  prepared  "by  dissolving  0.1  gram  of  p-aminophenol 
in  100  ml.  of  80  percent  ethanol.  When  heated  to  100°  C.  for  5  to  10 
minutes,  the  appearance  of  a  "blue  color  indicates  the  presence  of  1  mg. 
or  more  of  chlordane.  None  of  the  other  common  insecticides  interferes. — 
Palumho  Q5ll. 

In  the  laboratories  of  the  Division  of  Insecticide  Investigations, 
Bureau  of  Entomology  and  Plant  Quarantine,  the  total  chlorine  in  chlordane 
is  determined  by  decomposing  the  sample  with  sodium  in  refluxing  anhydrous 
isopropyl  alcohol  and  titrating  the  sodium  chloride  formed  with  N/10 
silver  nitrate  solution,  using  an  electrometric  titrimeter.  Chlordane  is 
calculated  hy  multiplying  the  total  organic  chlorine  content  "by  1.44,  a 
factor  "based  on  the  fact  that  pure  chlordane  contains  69.22  percent  of 
chlorine. 

Eomano  ( 3,98 )  has  pointed  out  that  temperature,  concentration  of 
chlordane  in  solvent,  and  ratio  of  potassium  hydroxide  to  solvent  influ- 
ence the  dehydrohalogenation  of  chlordane  and  that  a  carefully  standard- 
ized method  is  necessary  in  order  to  obtain  reproducible  results. 
Eomano  refluxes  a  solution  of  a  0.5  gram  of  chlordane  in  20  ml.  of 
petroleum  ether  with  20  ml.  of  N  alcoholic  potassium  hydroxide  at  80°  C. 
for  30  minutes  and  determines  the  chloride  ~oy   Volhard'  s  method;  1  ml. 
0.1  N  silver  nitrate  =  ^7»6  mg.  chlordane.  This  factor  used  "by  Eomano 
is  an  arbitrary  one.  The  loss  of  one  chlorine  atom  from  the  molecule 
of  chlordane,  C^oH^Clg,  calls  for  the  value  1  ml.  0.1  N  silver  nitrate  = 
kO.Q   mg.  chlordane. 

Davidow  (98)  in  1950  described  a  spectropho tome trie  method  for  the 
quantitative  estimation  of  technical  chlordane  which  is  also  applicable 
to  the  estimation  of  alpha-chlordane,  beta-chlordane,  heptachlor,  and 
trichloro  237  (all  present  in  technical  chlordane)  when  only  one  is 
present.  The  procedure  is  to  develop  a  colored  reaction  product  "by 
heating  chlordane  in  n-hexane  with  diethanolamine-potassium  hydroxide 
reagent  in  a  boiling  water  hath  for  30  minutes  and  note  the  absorhency 
at  521  millimicrons  in  a  Beckman  spectrophotometer. 

Technical  chlordane  interferes  in  the  method  for  the  determination 
of  heptachlor  in  which  equal  volumes  of  the  suspect  solution  and  a  0.5 
molar  solution  of  ethanolamine  and  of  potassium  hydroxide  in  butyl 
Cellosolve  are  mixed  and  heated  in  a  boiling  water  bath  for  15  minutes, 
the  development  of  a  pink  to  deep  violet  indicating  the  presence  of 
heptachlor. — Velsicol  Corp.  (*+79~). 

Chlordane  does  not  interfere  in  the  colorimetric  estimation  of 
aldrin  in  which  the  aldrin  is  reacted  with  phenylazide  to  form  a  dihydro- 
triazole  derivative  which  yields  an  intense  red  color  when  reacted  with 
diazotized  dinitroaniline  in  alcoholic  hydrochloric  acid. — Danish  and 
Lidov  (22). 
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PHYSICAL  AITD  CHEMICAL  PROPERTIES 


Chlordane   is   a  viscous,    amber  colored,    nearly  odorless  liquid,    "boil- 
ing at  175°   C.    at   2  mm.    pressure.      It   is   insoluble   in  water   and   soluble 
in  organic   solvents   such  as   aliphatic,    aromatic,    and  chlorinated  hydro- 
carbons,   as   well   as   in  ketones,    esters,    and   ethers.      It    is  completely 
mi6cible   in  all   proportions  with  deodorized  kerosene,    a  solvent  widely 
used  for  insecticidal  products. — Kearns  ejt  al.    (2^5,);    Sun  (446):   Vest 
(496).      Its    specific   gravity  range   is  1.60-1.635   at   60°  F./60°   F., 
equivalent   to  a  weight  per  gallon  of  approximately  13*3-13.6  pounds. 
The  refractive   index  is  1.56-1.57  at  25°   C— Bussart  and  Schor    (j&) . 

It  has  been  reported  that  Van  Dyk  264  (N-octyl-bicyclo[2.2.l]-5- 
heptene-2,3-dicarboximide) ,  a  synergist  for  pyrethrins,  will  dissolve 
50  percent   of  its  weight  of  chlordane. — Anon.    Q) . 

Chlordane  dehydrohalogenates  in  the  presence  of  alkaline  reagents 
with  concomitant  loss   of   insecticidal   activity.     For    this  reason,    it 
should  not  be  formulated  with  alkaline    solvents,    carriers,    or  emulsifiers. 


COMPATIBILITY 


Frear    (155)  has  published  a  table   showing  the   compatibility  of  the 
common  spray  materials.      Chlordane  is  represented  as  follows: 


Chlordaqe  mixed  with: 
Lead  arsenate 
Calcium  arsenate 
Paris  green 
Cryolite 
Eotentone 
Pyrethrum 
Nicotine 
DDT 
BHC 

Toxaphene 
TEPP 

Parathion 
Summer   oils 
Dormant   oils 
Dinitro   compounds 
Lime   sulfur 
Wettable   sulfur 
Lime 

Fixed  coppers 
Bordeaux 
Dithioc.orbamatos 


Compatibility 

Fully  compatible 
Compatibility  questionable 
Fully   compatible 


Compatibility   questionable 

Fully   compatible 
h  u 


Compatibility  questionable 
Fully  compatible 
Compatibility  questionable 
Fully   compatible 
Compatibility  questionable 
Fully  compatible 


Charts    showing  the   compatibility  of  chlordane  with  other   insecti- 
cides were   published  anonymously    (i,   $)    in  the  February  1948  and  1949 
issues   of   the  American  Fruit   Grower.      Chlordane   is  represented  as  doubt- 
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ful  with  "basic  lead  arsenate,  calcium  arsenate,  40  percent  nicotine, 
Bordeaux,  glyoxalidines,  lime  sulfur,  zinc  sulfate  plus  lime,  and  lime; 
and  compatible  with  all  other  insecticides  and  fungicides. 

A  mixture  of  chlordane  50-percent  wettable  powder  with  4-8-8  fertil- 
izer at  the  rate  of  2  pounds  to  1000  maintained  insecticidal  activity  for 
at  least  30  days. — Kelsheimer  (252).  Chlordane  in  certain  fertilizer 
mixtures  remained  active  for  192  days. — Compton  (79). 

Additional  observations  on  the  compatibility  of  chlordane  with  spray 
materials  have  been  recorded  by  Marshall  (3l6):  and  Griffiths  and  King 
(1221. 

The  American  Fruit  Grower  (Anon.  4,  £)  has  published  charts  showing 
the  weather  factors  in  spraying  and  dusting  fruits  with  insecticides. 
Chlordane  is  listed  as  safe  to  apply  to  both  pome  and  stone  fruits  under 
5  weather  conditions:  temperature  above  85°;  temperature  85°  to  65*i 
temperature  65°   to  40°;  light  rain;  high  humidity  with  slow  drying. 


FREIGHT  CLASSIFICATION 


Beginning  June  1,  1948  chlordane  was  shipped  under  a  new  item  - 
"Polychlor  Agricultural  Insecticides  and  Fungicides'1  in  the  consolidated 
freight  classification. 

Polychlor  is  a  name  selected  by  the  Classification  Committee  for  a 
group  of  compounds,  including  DDT,  benzene  hexachloride,  toxaphene,  and 
chlordane  which  contain  three  or  more  chlorine  atoms.  This  name  is 
used  only  for  shipping  purposes,  not  for  labeling.  It  was  selected  to 
avoid  confusion  among  carriers  as  well  as  shippers  over  the  long  chemical 
names  of  this  group  of  products,  whose  importance  is  increasing,  and  to 
avoid  numerous  requests  for  exceptions  for  individual  products.  All 
items  in  this  group  now  will  enjoy  the  same  freight  classification  in 
their  territory.  Shippers  should  note  that  this  new  item  does  not  cover 
the  technical  chemicals  which  should  still  be  described  as  "chemicals, 
noibn";  likewise,  it  does  not  cover  liquid  preparations,  or  dry  formula- 
tions in  excess  of  50  percent  of  the  chlorinated  chemical.  Such  formu- 
lations will  continue  to  be  described  as  "insecticides  or  fungicides, 
noibn". — Anon.  (2). 


PATENTS 

Patents  on  chlordane  have  been  granted  Julius  Hyman  (231-233)   as 
follows: 

Belgium  -  Patent  No.  464,617  granted  April  16,  1946. 

England  -  Patent  No.   6l8,432  granted  February  22,   1949. 

Mexico  -  Patent  No.     45,398  granted  March  19,   1947. 

United  States  -Patent  No.   2,519,190  granted  August  15,  1950. 
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The  process  disclosed   in   these  patents   is  discussed  under   the   head- 
ing "Synthesis"   on  page   5. 

The  adduct   C     LCL   foraed  "by   combining  hexachlarocyclopentadiene 
and  cyclopentadiefle   in  the  first   step  of  making  chlordane  has   some 
insecticidal  properties.      This   compound,    called  chlordene,    has  been 
patented  for  use  as  an  insecticide  by  the  Velsicol  Corporation  (475- 
477)  and  derivatives  of  it,    for  example,   1-hydroxy  chlordene,   1,2- 
dihydroxy  chlordene,    and  1-acyloxy   chlordene  have  been  patented  by 
Herzfeld  ejt   aX.    (213-215)    assignors   to   the  Velsicol   Corporation. 


GRADES  AND  SPECIFICATIONS 


There  is  only  one  manufacturer  of  chlordane,  the  Velsicol  Corpora- 
tion, 330  East  Grand  Avenue,  Chicago  11,  Illinois,  which  calls  its  pro- 
duct "Velsicol  1066".  Julius  Hyman  &  Company,  Denver,  Colorado;  formerly 
made  chlordane  which  was  sold  under  the  trade  name  "Octa-Klor" .  On 
May  29,  1950  the  United  States  Supreme  Court  refused  to  review  the  case 
of  Julius  Hyman,  thus  making  effective  a  decree  affirmed  by  the  Supreme 
Court  of  Illinois  which  enjoins  Julius  Hyman  &  Company  from  making  and 
selling  chlordane. 

The  technical  chlordane  (AG  grade)  manufactured  by  the  Velsicol 
Corporation  (478)  complies  with  the  following  specifications: 

Property 
Specific  gravity  at  60°  E./60°  F. 
Weight  per  gallon  (lbs.) 
Color  (G*rdner-Eellige-1933) 
Viscosity  (centistokes  at  130°  F.) 
Viscosity  (SSU  at  130°  F.) 
Total  chlorine  content  ($) 
Insolubles  in  deodorized  kerosene  at  20$  V/V 

The  clarified  grade  is  lighter  in  color  than  the  AG  grade,  other- 
wise, it6  properties  are  the  same. 


FORMULATIONS  OF  CHL0RDA12 

The  manufacturer  of  chlordane,  the  Velsicol  Corporation,  has 
issued  several  publications  giving  detailed  directions  for  the  prepara- 
tion of  chlordane  formulations  and  these  publications  should  be  con- 
sulted by  those  intending  to  make  a  chlordane  insecticide. 

Chlordane  is  commonly  employed  in  the  form  of  solutions,  emulsions, 
dusts,  and  wettable  powders.  Liquefied  gas  aerosols  of  chlordane  have 
been  tested  and  found  to  yield  promising  results. 


Minimum 

Maximum 

1.600 

1.635 

13.3 

13.6 

— 

14 

45 

70 

209 

324 

64 

66 

— 

None 
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Solutions  of  chlordane  are  easily  prepared  as  it  is  readily  soluble 
in  the  common  organic  solvents.  It  is  miscible  in  all  proportions  with 
kerosene. 

Emulsions  containing  chlordane  can  he  formulated  with  or  without  a 
solvent  (Mail,  311.  312).  This  is  because  chlordane  is  a  liquid.  The 
addition  of  small  amounts  of  oil-soluble  emulsifiers  to  oil  solutions  of 
chlordane  makes  emulsion  concentrates  which  may  be  added  to  any  desired 
amount  of  water.  Also  chlordane  may  be  emulsified  directly  in  water  by 
the  addition  of  a  soluble  emulsifier;  however,  in  this  case  higher  per- 
centages of  emulsifier  must  be  used  in  order  to  maintain  the  same  cream 
separation  rate  as  that  shown  by  aqueous  emulsions  made  from  oil-contain- 
ing concentrates. 

Twenty-two  emulsifiers  suitable  for  emulsifying  a  kerosene  solution 
of  chlordane  in  water  are  listed  by  Lidov  e_t  aj„.  (298) .  An  emulsifiable 
concentrate  that  produces  a  moderately  stable  emulsion  is  made  by  dis- 
solving 1  pound  of  chlordane  and  5  ounces  of  Atlox  1045  A  (polyoxy- 
ethylene  sorbitol  oleate-laurate)  in  sufficient  kerosene  to  make  1  quart. 
When  added  to  water  to  make  a  2-percent  wt./wt.  emulsion  of  chlordane, 
the  resulting  emulsion  will  show  approximately  two  percent  cream  layer 
after  standing  2k   hours. 

Chlordane  dusts  are  prepared  by  first  formulating  a  50-percent  by 
weight  chlordane  dust  concentrate  and  then  diluting  this  to  the  desired 
concentration.  In  preparing  the  dust  concentrate,  an  absorbent  type 
carrier  such  as  diatomaceous  earth  should  be  used,  and  the  impregnation 
process  is  carried  out  in  a  ribbon  type  blender.  A  weighed  quantity  of 
the  absorbent  carrier  is  placed  in  the  blender,  and  an  equal  weight  of 
the  insect  toxicant  (heated  to  approximately  150°  !.)  is  sprayed  by 
means  of  air  pressure  through  an  orifice  directly  on  the  agitated  carrier. 
The  spraying  orifice  should  be  designed  so  that  a  finely  atomized  mist 
will  be  emitted  which  will  cover  a  comparatively  large  surface  of  the 
carrier,  and  it  should  be  placed  approximately  12-14  inches  above  the 
surface  of  the  carrier.   If  the  orifice  is  at  a  greater  distance  from 
the  carrier,  the  emitted  droplets  which  cool  on  emission  will  become  too 
viscous  for  efficient  blending.  In  addition,  if  the  effective  spraying 
area  is  too  narrow,  the  droplets  will  coalesce,  and  they  will  not  blend 
satisfactorily  with  the  carrier.  The  50-percent  dust  concentrate  is 
then  run  through  a  hammer  or  attrition  mill  for  additional  blending.  A 
non-absorbent  type  of  diluent  or  filler  such  as  pyrophyllite  is  used  to 
cut  back  the  dust  concentrate  to  the  desired  strength.  The  dustB  finding 
the  most  universal  application  are  those  containing  5  percent  and  10 
percent  by  weight  of  chlordane.  Chemicals  having  an  alkaline  reaction 
should  not  be  used  with  chlordane  because  such  materials  can  cause  de- 
hydrohalogenation  of  the  insect  toxicant. 

lettable  powder  -  The  manufacturing  process  for  this  product  is  the 
same  as  that  used  in  preparing  the  50-percent  by  weight  dust  concentrate. 

Aerosols  -  In  experimental  studies  a  liquefied  gas  aerosol  formula 
(G-556)  containing  k  percent  chlordane,  5  percent  DDT,  5  percent  piperonyl 
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butoxide,    20  percent  Freon-12,    66  percent   methylene   chloride,    and   enough 
carbon  dioxide   to  develop  150  pounds  per   square   inch  pressure  proved  one 
of   the  "best  when  sprayed  on  aluminum  and  masonite  panels  and  tested  for 
residual   toxicity   against   confused  flour  beetles,  American  roach  adult6 
and  nymphs,    and  grasshoppers. — Fulton  et   aj..    (l60) , 

No  aerosol   formulas   containing  chlordane  have  "been  approved  by  the 
U.   S.  Department   of  Agriculture. 

Proprietary   insecticides   that   contain  chlordane   -  The  Arizona  Agri- 
cultural Experiment  Station  (2Jj)   in  19^8  listed  1C04  products  registered 
"by  101  registrants  in  that   state.     Analyses  are  given  of  6  chlordane 
formulations. 

Frear  e_t  al,.  (156)  in  19*+9  published  a  list  of  active  ingredients  in 
trade-marked  pest  control  materials  which  includes  about  kO  products  that 
contain  chlordane. 


EFFECT  ON  PLANTS 


When  added  to  the  soil  -  When  chlordane  was  added    to  Chester   clay 
loam,   Sassafras  sandy  loam,   Eveshoro  fine   3and  and  muck  in  the  greenhouse, 
it  depressed  plant  growth  at  relatively  low  levels  without  causing  any 
obvious   symptoms.     Soil   type  and  character,    especially   the  quantity  of 
organic  material   or   colloidal   clay  present,   are  important  factors   in  de- 
termining the  toxicity  of  organic  insecticides.      Chlordane   injures  root 
systems  more  than  DDT  does  and  is  more  toxic  to   seedling  plants  than 
benzene  hexachloride.     Chlordane  at   the  rate  of  25  pounds  per  acre   severely 
affected  the  germination  of  seeds. — Cullinan  (22.,   9^0 « 

When  chlordane  was  added  to  the   soil,    it  appeared  to  be  toxic  to  all 
vegetable  crops  tested. — Foster    (151) . 

Chlordane  was  mixed  with  Sassafras   sandy  loam  by  atomizing  an  ace- 
tone solution  onto  the  soil  particles  while  mixing  at  rates  up  to  ^00 
pounds  per  acre    (based  upon  6  2/3-inch  profile  or   2,000,000  pounds  of 
soil).     The   treated  soil  was  distributed  in  8-inch  pots  and  each  pot  was 
planted  to   three  1-year-old  Blakemore   strawberry  plants.     Chlordane  did 
not  have  any  deleterious  effect  on  the  growth  of   the  plants. — Goldsworthy 
(181). 

Snap  beans  from  plots  treated  with  297  pounds  of  chlordane  50-per- 
cent  wettable  powder  per  acre  had  a  disagreeable  odor  when  steamed  in 
cotton-plugged  flasks.  About  four  months  after  treatment  of  the  soil, 
cowpeas  were  planted  after  the  beans  and  okra  were  removed.  The  vigor 
of  the  plants  was  much  better  than  in  untreated  soil  and  these  differ- 
ences were  not  the  result  of  root-knot  which  was  quite  severe  OB  prac- 
tically all    the   plots.— Ellis   and   Claytcn   (17?) . 

At   Corvallis,   Oregon, in  19^7,    a  5-percent  chlorcane-talc  dust   at    the 
rate  of  27.5  pounds  of   toxicant    per  acre   applied    to   the   soil  with  a  fer- 
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tilizer   spreader  produced  slight  stunting  and  chlorosis  of  lima  "beans. — 

Chlordane  was  less   toxic   than  benzene   hexachloride    (10-12  percent 
of  the  gamma  isomer)   to  nitrifying  bacteria  and  fungi  when  added  to 
greenhouse   soil  at  100  and  500  pounds  per  acre. — Smith  and  Wenzel    (426) ♦ 

In  tests  at  Bradenton,   Fla»,   50  pounds   of  chlordane  per   acre   did 
not  affect   the  germination  of  cabbage,   lettuce,   tomato,    eggplant,    and 
pepper.      Chlordane  50-percent  wettable  powder  mixed  with  4- 8-8  fertilizer 
at   the  rate   of  2  to  1000  proved  safe  to  use  for  a  period  of  at  least  30 
days.      Tomatoes  grown  in   soil   treated  with  fertilizer   plus   chlordane 
germinated  normally.     However,    application  of  chlordane  on  tobacco    seed- 
beds completely  destroyed  the  germination. — Kelsheimer    (252) . 

In  tests  at  Belle  Glade,   Fla. ,    chlordane  either  as  a  5-percent   dust 
or   as  a  40-percent   emulsion  was  mixed  with  an  0-12-16  celery  fertilizer 
and  raked  into  the   soil   in  amounts  equivalent  to  from  2,4  to  15  pounds 
of  toxicant  per  acre.     Cabbage,   pepper,   tomato,   and  bean  planted  as 
seeds  grew  well   in  all  plots;    and  none  of  the  soil  treatments  gave  any 
undesirable   taste  which  could  be  detected  in  the  raw  cabbage. — Hayslip 

(211). 

In  IT.or Ida  four  pounds  of  chlordane  per  acre  (in  the  form  of  a  50- 
percent  wettable  powder)  increased  the  germination  of  sugarcane  cuttings. 
Observations  were  made  19,  33,  and  63  days  after  planting. — Bourne  (42). 

In  Washington  a  reduction  in  stand  of  cucumber  seedlings  14  days 
after  planting  was  highly  significant  for  treatment  of  soil  with  chlor- 
dane at  the  rate  of  34.8  pounds  per  acre.  This  amount  of  chlordane  also 
caused  a  lower  stand  of  bush  beans  and  turnips.  So  significant  differ- 
ences were  found  for  any  vegetables  (bush  bean,  pole  beans,  beets, 
carrots,  cauliflower,  cucumbers,  onions,  squash,  and  swiss  chard)  tested 
in  treatments  of  5  pounds  chlordane  per  acre.   Chlordane  seemed  to  reduce 
the  quality  of  the  fresh  peas,  pole  beans,  ana  bush  beans,  but  was  ques- 
tionable for  carrots  and  cucumbers. — Stitt  and  Evanson  (44l) , 

In  Connecticut  tests  with  potatoes  grown  in  soil  treated  with 
chlordane  at  rates  of  1,  2,  4,  and  S  pounds  per  acre  were  inconclusive, 
but  any  resulting  flavor  from  chlordane  was  ranch  less  objectionable  than 
the  flavor  of  benzene  hexachloride. — Greenwood  and  Tice  (196) . 

When  applied  directly  to  -plants  -  In  Hew  Jersey  established  turf  of 
various  grasses  and  clover  was  sprayed  with  chlordane  at  the  rate  of  25 
pounds  per  acre  (50  pounds  of  50  percent  wettable  powder  per  1000  gal- 
lons of  water),  2.5  time3  the  rate  used  for  control  of  Japanese  beetle 
larvae.  At  intervals  after  treatment  the  grass  was  cut  and  weighed. 
The  chlordane  had  no  effect  on  the  color,  general  appearance,  or  growth 
of  the  following  grasses:  redtop,  Colonial  bentgrass,  Astoria  bentgrass, 
3ermuda  grass,  orchard  grass,  meadow  fescue,  Chewings  fescue,  perennial 
ryegrass,  Canada  bluegrass,  Kentucky  bluegrass,  and  rough  stalk  bluegrass. 
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In  addition   to   these  grasses,   white   clover   grew  normally.      In  field 
test6  at   five  localities   there   was  no   indication  that   the   application  of 
chlordane   at    the  rate  of  10  pounds  per  acre  had  any  adverse   effect   on  the 
various  grasses  and  clover. — Fleming   (^39 )« 

In  tests   in  Florida  in  19*+7  and  19*48,    5-percent    chlordane   dust  and 
50-percent    chlordane  wettable  powder   at   2  pound s  per  100  gallons  of 
water  reduced   the  yields  of   cucurbits;    in  one   case   the   dust   reduced  the 
yield  of   cucumbers  below   that   of   the   check  plot. — Kelsheimer   (255; . 

Chlordane   should  not  be  used  on  cucurbits. — Schread   (40^). 

In  experiments  at   Geneva,   New  York,    a  dust   containing  5-percent   of 
chlordane  produced  characteristic   symptoms  of  foliage   injury  on  Blue 
Hubbard,   Table  Queen,   and  Butternut   squash,   representing  the  plant 
species  Cucurbit a  maxima,   C.   pepo.   and  C±  qpschata.     The   injury  was  later 
outgrown  and  did  not  appear   to  affect  the  yield. — Carruth  and  Howe    (66). 

In  Florida  chlordane  gave  good  control  of  insect  pests  of  cucumber 
and  squash  without  reducing  yields  in  several  tests,  but  in  the  fall  of 
19*+7,   a  wet    season,   it  severely  reduced  the  yield,— -Kelsheimer    (25*4) . 

In  tests  on  curcubits   in  Oregon  5-percent   chlordane  dust,   under 
moist  conditions,   caused  slight  burn  on  2  varieties  and  chlorosis  on  11 
varieties. — Crowell  and  Morrison  (90) » 

Peaches   sprayed  with  nothing  except   chlordane  developed  foliage 
injury  in  June   similar  to  what   has  been  called  Bacterium  pruni. — 
Marshall    (315). 

Chlordane   spray  gave  little  if  any  protection  against  peach  scab  in 
West  Virginia,   but  did  not   injure  the  fruit   or  f oliage.-- Gould  and 
Taylor    (182.) . 

Chlordane  50-percent  wettable  powder  at  2  pounds  per  100  gallons  of 
water  was   sprayed  on  peaches  in  North  Carolina  in  19*48.      Fruit  from  the 
chlordane  plot  was  by  far  the  best   in  two  tests,   but  in  another  test   it 
was  even  significantly  worse   than  fruit  which  had  received  four   applica- 
tions of  benzene   hexachloride. — Smith  ^t_  al.    ( 420 ) . 

Chlordane   emulsion,    0.5  pound  toxicant  per  100  gallons,    caused 
moderate   injury   to  Kalanchoe  global  If era  coccinea   (referable  botanic- 
ally  to  Kalanchoe  blossf eldiana) . — Lumsden  and  Smith  (303) . 

In  North  Dakota  in  19*48,   a  5-percent   chlordane  dust  at   35  pounds 
per  acre  gave   the    same  yield   (lkk  bushels  per   acre)    of  potatoes  as  did 
a  5-percent  DDT  dust.      The  untreated  plot  yielded  126  bushels  per   acre. — 
Munro  ejt   al.    (3*40). 

In  North  Dakota  in  19*+7,  a  5-percent   chlordane  dust  gave  a  potato 
yield  of  2o0  bushels  per  acre   compared  to   239*9  bushels  per  acre  for   the 
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untreated  plot.  There  were  5  applications  of  dust  at  the  rate  of  20 
pounds  per  acre  application. — Post  £t  al,.  (370). 

In  tests  on  Red  Warba  potatoes  in  Winnipeg  a  spray  of  chlordane  wet- 
table  -powder  yielded  317*2  "bushels  of  potatoes  per  acre  as  compared  to 
83.7  in  the  check.  A  chlordane  emulsion  spray  was  somewhat  less  effective. 
None  of  the  insecticides  tested  (toxaphene,  chlordane,  and  DDT)  impaired 
the  flavor  of  potatoes  tested  as  "boiled  potatoes  and  none  of  them  injured 
the  potato  foliage. — Mitchener  (330 ) . 

In  New  Jersey  field  tests  potato  plots  sprayed  with  50-percent 
chlordane  at  the  rate  of  2  pounds  to  100  gallons  of  water,  gave  a  lower 
yield  than  plots  sprayed  with  the  same  dosage  of  15-psrcent  parathion  or 
25-percent  benzene  hexachloride. — Campbell  ( 64) . 

Additional  observations  of  the  effect  of  chlordane  on  plants  have 
been  recorded  as  follows:  No  effect  on  the  flavor  of  apples  (Weinman 
486):  no  phytotoxicity  to  the  apple  tree  (Frezal  157):  no  injury  to 
asters  (Jefferson  and  Pence  239.  240):  imparted  a  flavor  to  dried  beans 
(fiistich  and  Schwardt  394) ;  chlordane  dust  caused  slight  injury  to  the 
new  growth  of  cantaloupes  and  cucumbers  (Brooks  and  Anderson  48);  chlor- 
dane emulsion  applied  to  corn  ears  imparted  an  odor  noticeable  at  har- 
vest (Blanchard  and  Chamberlin  25);   four  dustings  with  5-percent  chlordane 
injured  the  corn  (Tissot  and  Kuitert  456):  potatoes  grown  in  chlordane 
treated  soil  showed  no  off -flavor  (Kulash  278):  chlordane  wet table  powder 
spray  severely  burned  the  foliage  of  the  Concord  grape  (Cox  84.) ;  and  the 
foliage  of  prunes  and  also  retarded  growth  of  the  tree  and  development  of 
fruit  (Cox8_5j;  did  not  injure  red  clover  (Marshall  et  al.  .214.) j  chlordane 
emulsion  caused  some  injury  to  sweet  potato  foliage  in  the  greenhouse 
(Harrison  206):  at  prescribed  dosage  levels  chlordane  did  not  injure  grass 
but  at  extremely  high  levels  (up  to  150  pounds  per  acre)  clover  and  bent 
grasses  were  retarded  temporarily  (Schread  409,) . 


EFFECT  ON  ANIMALS 

Earthworm 

Chlordane  50-percent  wettable  powder  at  1/4  pound  per  100  gallons  of 
water  reduced  the  earthworm  population  of  the  fairway  of  a  Florida  golf 
course,  but   the  control  was  not  considered  satisfactory. — Hayslip   (21l). 

Snail 

A  5-percent  chlordane  dust  proved  unsuccessful  against  Otala  lactea. 
the  milk  snail,   in  the  San  Francisco  Bay  area  in  19^7. — Armitage   (25). 

Black  widow   spider 

For  black  widow  or  other   spider  control,   a  light  dusting  of  the  area 
near  where  the  webs  are  found  is  sufficient.     The  chlordane-impregnated 
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dust   settles   on  the  web  and   the   spider's   first   contact   proves  fatal. — 
Gilbert    (17*+). 

Fish 

Chlordane    is  less  toxic   to   fishes   than   is  DDT  hut  more   toxic   than 
benzene  hexachloride.     Applications   of  1   pound  to  aa  acre   to  outdoor  ponds 
killed  87  percent   of  the  blue  gill   sunfish.     With  applications  of   0.5 
pound  to  an  acre  most  of  the   bluegills  as  well  as  other   species   survived, 
and  with  those  of   0.25  pound  to  an  acre  practically  all   fishes   survived. 
A  12-percent   chlordane   solution   (wt./vol.)    in  fuel   oil  was  used  in  all 
applications. — Linduska  and  Surber    (299.)  . 

Chlordane   of   0.125  p. p.m.    killed  100  percent   and  0.05  p. p.m.    killed 
50  percent   of  goldfish  in  4  days.     The  corresponding  figures  for  DDT  were 
0.25  and  0.125  p. p.m. — Ginsburg   (175). 

Chlordane   is  less  texlc  to  fishes  than  toxaphene.     At  Leetown,   West 
Virginia,   recent  tests  at  0.0^4-  p. p.m.   in  still  water  failed  to   kill 
several    species  of  warm  water   fishes,    including  bluegills,    goldfish,    and 
several  minnows.     Toxaphene  killed  all  the   fish  tested  at   that   strength. 
Chlordane  at   1  pound  per  acre   (in  this  case  0.16  p. p.m.)   killed  87  per- 
cent of  the  bluegills  tested.      In  streams  and  troughs  in  Alaska,    chlor- 
dane proved  to  be  more  toxic  to   trout   than  DDT  and  similar   to  toxaphene 
in  emulsion  form  in  15-minute  treatments.     As  a  suspension  it  was  not 
toxic  to  trout   in  any  strength  tested  below  15  p.p.m. ,    and   in  fuel  oil 
solutions  up  to  6  p.p.m.  no  damage  was  noted.      It   is  concluded  that 
chlordane  appears  to  be  damaging  to   some   fish  at  1  pound  per  acre. — 
Cope   (80). 

At  a  routine  dosage  of  0.1  pound  per  acre,   chlordane  is   toxic   to 
fish  and  will   significantly  reduce  the  population  of  ponds.     At  dosages 
of  0.05  pound  per  acre,   DDT  appears  to  be   somewhat  more   toxic  than 
chlordane.     Chlordane  appears  to  have  no   significant  effect   on  the  fish 
population  at  a  dosage  of  0.025  pound  per  acre.     These   tests  were  made 
on  32  species  of  fish  in  ponds. — Tarzwell    (^52) . 

Birds 

Chlordane  appeared  to  be  l/k   to  1/2  as  toxic  as  toxaohene  to  game 
birds. —Post  (369). 

Mammals 

(a)  Hats  and.  Mice  -  In  tests  made  at  the  University  of  Illinois, 
chlordane  and  DDT  appeared  to  be  of  the  sane  orde^-  of  toxicity  to  white 
rats,  when  adninistered  as  acute  and  repeated  intragastric  dosages  and 
when  inuncted  percutaneously  as  an  oil  solution,  emulsion  concentrate 
and  dilutions  of  the  emulsion  concentrate.  Eats  receiving  either  chlor- 
dane or  DDT  present  a  wide  range  of  individual  susceptibility,  which 
makes  it  difficult  to  establish  an  absolute  minimum  or  median  lethal  dose. 
Anorexia,  los3  of  weight,  hyperexcitability ,  and  tromors  were  symptomR 
produced  by  both  conroounds.   Tonic  and  clonic  contractions  were  slightly 
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more  severe  for  those  treated  with  chlordane.  The  time  lapse  "between 
administration  of  an  acute  lethal  dose  and  death  is  longer  for  chlordane 
than  for  DDT  treated  rats.  There  is  some  indication  that  chlordane  may 
he  slightly  more  toxic  to  female  rats  than  to  males.  This  was  not  ob- 
served to  he  true  for  DDT- treated  rats.  Chlordane  appears  to  produce  in 
rats  less  liver  damage,  hut  greater  pulmonary  damage  than  DDT. — Ingle 
(235). 

Pharmacologists  of  the  Food  and  Drug  Administration  found  that  the 
acute  oral  toxicity  of  chlordane  to  rats  was  LD-50  500  mg./kg.t  indicating 
that  it  is  1/2  as  toxic  as  DDT.  Chlordane  is  quite  toxic  when  fed  to  rats 
at  a  concentration  of  250  p.p.m.  for  12  weeks.  Rats  have  "been  seriously 
injured  at  this  level  and  fail  to  survive  on  higher  concentrations. 
Chlordane  is  a  liver  poison  and  also  causes  inanition  in  chronically 
poisoned  animals. — Lehman  (287.  290.) . 

Chlordane  is  absorbed  by  the  animal  but  its  fate  and  whether  or  not 
the  chemical  is  excreted  in  the  urine  is  unknown. — Woodward  et  al.  (509) . 

No  harm  resulted  to  rats,  mice,  or  guinea  pigs  when  they  were  sub- 
jected for  45  minutes  on  each  of  38  days  to  air  bearing  aerosols  contain- 
ing chlordane  with  methylene  dichloride  or  dimethyl  phthalate  as  solvents, 
the  average  initial  concentration  of  chlordane  being  approximately  1.9  mg. 
per  liter.  When  aerosols  with  either  kerosene,  methylene  dichloride,  or 
dimethyl  phthalate  as  a  solvent  were  introduced  into  the  chamber  at  inter- 
vals of  10  minutes  over  an  hour  in  an  initial  concentration  of  10  mg.  of 
chlordane  per  liter,  and  this  procedure  was  repeated  three  times  on  each 
of  four  successive  days,  many  of  the  animals  exhibited  typical  signs  of 
poisoning  by  chlordane. — Heyroth  and  Witherup  (217) • 

Stohlman  et  a^.  (V+2,  443)  reported  that  the  LD-50  of  chlordane 
when  fed  to  rats  is  250  mg./kg.  compared  with  150  mg./kg.  for  DDT. 
Rabbits  receiving  chlordane  excrete  organically  bound  chlorine  in  the 
urine.  The  LD-50  of  chlordane  when  administered  intraveneously  to  rab- 
bits is  about  20  mg./kg.  and  this  is  increased  to  about  60  mg./kg. 
through  the  antidotal  action  of  the  barbiturates. 

Frings  and  0'Tousa  (153)  reported  that  chlordane  is  very  similar  to 
DDT  in  its  toxic  action  in  mice.  The  first  system  affected  in  the  nervous 
system,  and  nervous  symptoms  predominate  in  acute  toxicity.   In  chronic 
intoxication,  however,  the  liver  seems  to  be  most  affected.  The  vapor  of 
chlordane  was  toxic  and  wettable  powder  preparations  proved  surprisingly 
toxic. 

(b)  Dogs  -  Dogs  starved  for  Ik  hours  were  fed  a  50-percent  chlordane 
wettable  powder  in  capsules  with  oil.  It  was  concluded  that  chlordane, 
like  benzene  hexachloride,  is  a  relatively  safe  insecticide  to  use  upon 
dogs.  Dogs  vary  in  their  susceptibility  to  chlordane.  A  dose  of  200  mg./ 
kg.  produced  convulsions  in  one  dog,  while  a  700  mg./kg.  dose  had  little 
effect  on  another  dog. — Batte  and  Turk  (29,) . 
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(c)  Sheep.  Cattle,  Goats.  Horses,  and  Pigs  -  Chi  or  lane  appeared  from 
two  to  four  times  more  toxic  than  DDT  to  sheep  in  acute  toxicity.   Sheep 
grazed  on  pastures  sprayed  with  technical  chlordane  at  rates  up  to  4 
pounds  per  acre  showed  no  apparent  ill  effects. — Hinnan  and  Cowan  ( 21 3 ) . 

At  Bozeman,  Montana,  the  maximum  safe,  single  dose  of  chlordane  for 
sheep  appeared  to  "be  considerably  less  than  0.5  g.  per  leg.,  and  for  cattle 
no  toxic  effect  was  produced  "by  0.05  g«  per  ^£«  The  effects  of  daily 
dosages  of  chlordane  administered  in  capsules  for  60  days  were:  a  capsule 
of  4.5  grame  of  a  mixture  of  chlordane  and  xylene  (3«5  grans  chlordane) 
was  extremely  toxic  and  half  this  dosage  proved  about  as  toxic.  A  dose 
of  1  gram  of  chlordane-xylene  mixture  (0.?7  grams  chlordane)  was  con- 
tinued to  the  end  of  the  experiment  producing  only  mild  symptoms.   Sheep 
dosed  with  capsules  containing  2  grams  of  xylene  alone  gave  no  reaction, 
indicating  that  the  chlordane  was  the  toxic  agent.   Six  sheep  grazed  for 
21  days  immediately  following  spraying  of  1  pound  and  4  pounds  chlordane 
per  acre  showed  no  indication  of  toxic  effect. — Welch  (491) . 

Wet table  powders  containing  less  than  1  percent  of  chlordane  had  no 
ill  effects  on  cattle,  sheep,  goats,  hogs,  and  horses. — Laake  (230) . 

In  toxicological  experiments  with  chlordane  at  Kerrville,  Texas, 
dipping  goats  or  sheep  with  chlordane  wettable  powder  or  emulsion  did  not 
cause  symptoms  of  poisoning  until  after  six  to  eight  dippings  in  1.5-per- 
cent chlordane  at  4— day  intervals.  Marked  symptoms  of  poisoning  developed 
in  all  animals  after  the  last  dipping  and  fatal  results  ensued.   Cattle 
likewise  failed  to  show  toxic  symptoms  until  after  four  sprayings  at  in- 
tervals of  2  weeks  with  2  percent  chlordane  wettable  powder  suspension 
when  severe  symptoms  occurred  followed  by  death.   The  dip  and  spray 
liquids  were  six  and  eight  times  the  recommended  strength,  respectively, 
and  the  frequency  of  application  was  much  greater  than  in  actual  field 
practices.  Acute  poisoning  is  characterized  by  sudden  onset,  with  bleat- 
ing, groaning,  grinding  the  teeth,  blindness,  violent  struggling,  and 
bluish  discoloring  of  the  skin  before  death.   In  subacute  and  chronic 
poisoning  the  onset  is  gradual  with  partial  to  complete  blindness  and 
locomotor  ataxia,  circling,  staggering,  avoiding  imaginery  objects,  and 
periodic  convulsions.  Post  mortem  findings  consist  of  petechiae  and 
larger  hemorrhages  under  the  serosa  of  the  large  and  small  intestines  and 
the  epicardium,  fatty  changes  of  the  liver,  and  congestion  of  the  brain. — 
Hadeleff  Q8l).  Bushland  et  al .  (38)   U.  S.  Bur.  Animal  Ind.  (464). 
U.  S.  Bur.  Ent.  and  Plant  Q,uar .  (4&3). 

(d)  Man  -  Undiluted  "Velsicol  1068"  caused  mild  irritation  of  human 
skin,  under  the  conditions  represented  by  conventional  43-hour  patch 
tests  upon  58  subjects.   When  diluted  in  mineral  oil  and  employed  in  48- 
hour  patch  tests  in  a  1  percent  (by  volume)  solution,  "Velsicol  1068° 
caused  no  irritant  effect. — Goldman  (l80) . 

Chlordane  applied  to  the  skin  causes  moderate  irritation;  the 
(quantity  considered  dangerous  upon  skin  application  in  solution  is  for 
single  exposure  1880  mg./kg.  and  for  multiple  exposure  40  mg./kg.   The 
The  quantities  dangerous  to  man  are:   for  sinrle  exposure  113  grams  and 
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for  multiple  exposure  2.4  grams  per  day.  The  hazards  of  aerosol  formula- 
tions of  chlordane  can  only  be  surmised.—- Lehman  (288) . 

On  the  West  coast  only  one  case  of  dermatitis  among  pest  control 
operators  using  chlordane  has  "been  reported  and  the  patient  in  the  patch 
test  showed  sensitivity  to  both  petroleum  solvents  and  undiluted  chlordane. 
It  is  concluded  that  chlordane  is  probably  no  more  hazardous  than  many 
other  standard  products  used  in  the  industry. — Jacobs  (238) . 

The  council  on  Foods  and  Nutrition  of  the  American  Medical  Associa- 
tion (17)  in  a  recent  statement  called  attention  to  the  danger  to  public 
health  created  by  the  wide  use  of  synthetic  insecticides  and  urged  that 
controls  be  placed  on  the  sale  of  products  of  unknown  or  incompletely 
known  toxicity.  The  effects  of  inhalation  and  skin  absorption  of  these 
synthetics  must  be  determined  as  well  as  their  chronic  toxicity  to  man. 

Toxicological  information  on  chlordane  has  been  summarized  as 
follows:  Iiocal  effects;  -  Chlordane  is  moderately  irritating  to  the 
skin.  This  property  is  lost  on  dilution,  as  in  insecticide  formulations, 
and  the  warning  sign  of  danger  is  lost.  The  insecticide  is  absorbed 
through  the  skin,  and  it  has  been  estimated  that  daily  exposure  to  about 
2. k  grams  in  solution  may  be  dangerous  to  man.  Symptoms:  -  The  early 
signs  are  those  of  irritability  of  the  central  nervous  system.  This 
leads  eventually  into  convulsions,  which  are  followed  by  a  period  of  de- 
pression with  or  without  a  final  convulsion  seizure.  Fatal  dose,:  -  From 
the  acute  standpoint  chlordane  appears  to  be  only  about  one-half  as 
poisonous  as  DDT,  but  the  side  effects  are  such  that  in  the  final  analysis 
the  toxicity  is  about  5  times  that  of  DDT.  Therefore,  the  fatal  dose 
lies  somewhere  between  6  and  60  grams.  Fatal  period:  -  The  onset  of 
symptoms  is  within  45  minutes  after  ingestion.  Deaths  occur  occasionally 
within  24  hours,  are  frequent  between  the  48th  and  96th  hour,  and  if  sur- 
vival extends  to  the  6th  day,  recovery  is  the  rule.  Pathology,:  -  Inani- 
tion is  a  predominant  observation  in  chronic  poisoning,  indicating  a  con- 
siderable disturbance  in  normal  physiology.  Of  the  vital  organs,  the 
liver  bears  the  brunt  of  the  poisoning,  and  the  usual  degenerative  changes 
produced  by  chlorinated  hydrocarbons  are  a  constant  finding.  Treatment:  - 
The  usual  measures  should  be  adopted  for  removing  the  poison  from  the 
stomach  and  intestinal  tract.  Any  additional  treatment  must  be  sympto- 
matic as  no  specific  antidotes  are  known.— Lehman  (290) . 

A  comparison  of  the  acute  oral  doses  shows  that  the  compounds 
arrange  themselves  in  the  following  order  from  the  most  toxic  to  the 
least  toxic:   tetraethyl  pyrophosphate,  parathion,  hexaethyl  tetraphos- 
phate,  toxaphene,  gamma  isomer  of  benzene  hexachloride,  DDT,  chlordane, 
TDE,  methoxychlor .  Chronic  feeding  data  indicate  that  parathion  is  the 
most  toxic,  the  sequence  being  parathion,  beta  isomer  of  benzene  hexa- 
chloride, chlordane,  DDT,  gamma  isomer  of  benzene  hexachloride,  alpha 
isomer  of  benzene  hexachloride,  toxaphene,  TDE,  delta  isomer  of  benzene 
hexachloride,  methoxychlor. — Lehman  (289). 

Additional  reports  on  the  toxicology  of  chlordane  have  been  pub- 
lished by  Lehman  (291-295).  Chlordane  presents  the  greatest  all-around 
hazards  of  the  commonly  used  chlorinated  insecticides  and  therefore  has 
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no  place  as  a  contaminant   of  foods  and  its  household  use   should  he    strictly 
limited.     Long-term  feeding   studies   indicate   that   at   every  level   of   feeding 
chlordane   is   significantly  more  poisonous   than  comparable  levels  of  DDT. 
From  the  over-all   aspects   chlordane   is  at  least  k  times  as   toxic  as  DDT. 


SPRAY  RESIDUES  OF   CHLORDANE 


In  Colorado,    Gates    (l2Zl  in  19^8 1    found  chlordane  residues  on  alfalfa 
after  the   application  of   one  pound  of   the   toxicant   a6   an  emulsion  per  acre 
as  follows:      cut  8  hours  after   treatment  17*9  p. p.m.,   5  days  13  p. p.m., 
10  days  4.5  p. p.m.,   and  15  days  after   treatment    3*^  p. p.m.     A  test   on 
houseflieB  with  an  extract  of  the  hay  cut  the  first  day  indicated  a  chlor- 
dane residue   one-half  that  calculated  from  the  total    chlorine   content. 

When  chlordane  was  applied  to  apple  and  peach  foliage  at   the  rate  of 
1  pound   (an  emulsion  concentrate)   per  100  gallons  of  water,    the   initial 
deposit  was  90.2  p.p.m.   on  apple  foliage  and  139»5  p. p.m.   on  peach  foliage. 
After  21  days  these  values  fell   to  8.3  p.p.m.   and  none,   respectively. 
Residue  determination  on  alfalfa,    sweet  clover,  red  clover,   and  soy  beans 
indicated   that  lindane  and  parathion  residues  are   the  least   persistent 
followed  by  aldrin,   chlordane,   dieldrin,    toxaphene,   and  DDT   in  that   order. 
The  waxy  nature  of  chlordane  residue  makes  it  resistant   to  removal  by  rain. 
Chlordane  residues  were  determined  by  the  total  chlorine  method  using  the 
factor  Cl  x  1.57  =  chlordane. — Decker   ejt  al,.    (101 ). 

Chlordane   in  milk   -  A   spray   containing  0.5  percent  of  chlordane  as 
a  wettable  powder  was   sprayed  on  milk  cows   four   times  between  May  15  and 
August   29.      Milk  from  these   cows   sampled  from  May  22  to  October   27 
showed  a  maximum  organic   chlorine   content   of  0.8  p.p.m.   and  an  average 
of  0.2  p.p.m.      It  was  concluded  that   these  amounts  are    so   small   that   they 
are  not  regarded  as  definitely  indicating  the  presence  of  chlordane   in 
the  milk. —Carter  ejfc,  a^.    (67) . 

The  danger  of  chlordane  in  milk  to  the  public  health  was  recognized 
by  the  United  States  Production  and  Marketing  Administration  (^2J±)   which 
on  May  12,   19^9  sent  a  notice  to  manufacturers,   registrants,    and  dis- 
tributors of   insecticides  containing  chlordane  warning  against   the  use 
of  chlordane  on  dairy  animals,    or  on  forage  or  other  feeds  for  dairy 
animals  or  animals  being  finished  for   slaughter,    or   fox  use   as   insecti- 
cides  in  dairy  barns. 

The  American  Medical  Association   (l6.   17)   has  expressed  concern 
over   the  contamination  of   the  American  diet  with  new  materials  of  unknown 
toxicity   such  as   chlordane  and   has  urged  that  voluntary   control  by   the 
producers  and  distributors  of   the  pesticides  be   instituted   immediately. 


-  21  - 


INSSCTICIDAL  USES  OF  CHLORDANE 


The  literature  records  the  results  of  tests  of  insecticides  contain- 
ing chlordane  on  the  following  kinds  of  insects  and  other  arthropods: 


Class  and  Order 

Families 
3 

Genera 

Species 

Orthoptera 

14 

21 

Isoptera 

2 

2 

2 

Thysanoptera 

1 

5 

5 

Anoplura 

2 

3 

5 

Mallophaga 

3 

6 

8 

Homoptera 

8 

19 

22 

Heraiptera 

5 

16 

19 

Coleoptera 

12 

42 

45 

Lepidoptera 

11 

31 

37 

Hymenoptera 

4 

12 

17 

Dipt era 

12 

20 

39 

Siphonaptera 

1 

1 

- 

Acarina 

7 

12 

16 

Total 


71 


183 


236 


DLPLOPODA 


Millipedes 

Chlordane,  1  pound  per  acre,  had  little  effect  on  millipedes  in 
grain  fields. — Severin  (4l4) . 


SCOHPIONIDA 


Scorpions 

In  Arizona  a  2-percent   solution  of  chlordane  in  oil  killed  scorpions 
in  from  12  hours  to  3  days.     Chlordane  killed  more  quickly  than  DDT,   hut 
did  not  last  as  long.     The  "best  all  around  mixture  for   scorpion  eradica- 
tion at  present   seems  to  he  2  percent   chlordane,   10  percent  DDT,   and  0.2 
percent  pyrethrins  in  an  oil   spray-hase. — Stahnke   (437) » 


ORTHOPTERA 
Acrididae 


Grasshoppers  are  readily  killed  by  the  application  of  chlordane  and 
it  is  used  on  a  large  scale  for  their  control.  There  appears  to  he  little 
difference  among  species  in  their  susceptibility  to  chlordane  and  because 
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of  this   the   results  of  tests  with  one   species  are  about  the   same  as   those 
with  another.      Severin  (i&Ji)   reported   chlordane  to  he   effective  against 
35   species  of   grasshoppers. 

fielative   toxicities  of  chlordane  and  other   insecticides  to  frass- 
hp-p-pers  -  In  the  laboratory  Koarns  e_t  &1..    (2^5)  made   stomach  poison  testa 
with  chlordane,   DDT,    and   gamma-BHC  on  the  adult   grasshopper  Melanoplus 
differentialis    (Thos.).      Emulsions  of  xylene   solutions   of   the  active   com- 
pounds were   fed  to  the  grasshoppers   in  measured  drops.      Twanty-four  hour 
mortality  records  indicated  the  median  lethal  dosage  for  gamma-BHC   to  lie 
between  5  ^ad  10  micrograms,   for  chlordane  between  12.5  and   25  micrograms, 
and  for  DDT   to  be   greater   than  50  micrograms  per    gram  of  body  weight. 

Ehoades  and  Brett   (3&3)   made  laboratory  tests  on  three  economic 
species  of   grasshoppers,  Melanoiolus  bivittatus   (Say),   M.   djff erentlalis 
(Thos.),   and  M.   mexicanus  mexicanus    (Sauss.),    to  deterrr.ine   their    suscepti- 
bility to   certain  synthetic   insecticide  dusts  under  different  constant 
temperatures.     A  10-percent   chlordane  dust  was  slower   acting  than  2— per- 
cent parathion  and  5-parcent  gamma-BHC  dusts,  requiring  from  43  to   72 
hours  to  reach  peak  mortality.     High  temperature   increased  its  effective- 
ness to  a  lesser  extent.      Chlordane  was  less  effective   than  the  other 
materials  except  DDT  in  its  action  as  a  contact  toxin.     There  was  little 
difference   in  the  relative   susceptibility  of  the  three  kinds  of  grass- 
hoppers to  the  different   insecticides. 

In  laboratory  tests  against  Zpnocerus  elegans    (Thunb.)   by  Petty 
(363)   in  South  Africa  a  2-percent  parathion  dust  proved  superior   to  a 
5-percent  chlordane  dust.      In  general,   10-percent  BHC  causes  a  quicker 
rate  of  mortality   than  5-percent  chlordane,   although  the  final  mortality 
obtained  with  the   two  insecticides  is  similar.     A  5-percent  BHC  con- 
centration appears  to  be  too  weak  for  effective  control  and  10-percent 
DDT   is  relatively   ineffective.      There   is   some  indication  that  young 
hoppers  are  more   susceptible  to  the  poisons  than  the  older  ones  or 
adult  insects.     The  results   suggest   that  a  5-percent  chlordane  dust 
should  be  effective  at  the  rate  of  20  pounds  per  acre. 

LePage   e_t  ai..    (297)    in  Brazil,  using  Schistocerca  caacqllata.   (Serv.) 
as  the  test    insect,   found  that  a  5-percent   chlordane  dust  was  more  toxic 
than  dusts  containing  10  percent  of  dinitro  compounds  or  20  percent   of 
toxaphene  but  was  less   toxic  than  dusts  containing  0.25  percent  para- 
thion,   or  1  percent  of  gamma-BHC. 

Kearns  e_t  ai..    (246)   made  laboratory  tests  on  the  grasshopper    (}{, 
differential^) .   housefly,  American  and  German  roaches,   milkweed  bug, 
codling  moth  larvae,  black  carpet  beetle,    webbing  clothes  moth,   plum 
curculio,    chinch  bug,    and   two-spotted  mite  with   several    insecticides. 
The  relative   toxicity  of  these  materials  was:      dieldrin^>  aldrin  =  hepta- 
chlor    ■  gamma  benzene  hexachloride > chlordane > toxaphene >  DDT.     The 
residual  effectiveness  of  the  materials  was:      dielirin>  DDT  >aldrin.> 
heptachlor   =  chlordane.^  gamma  benzene   hexachloride. 
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Weinman  and  Decker  (48$)  in  Illinois  conducted  one-quarter  acre 
plot  tests  against  3  species  of  grasshoppers,  Melanot)lus  differential is, 
M»  fQmur,  rubrum  (Deg.),  and  M.  qexicanus.  One  pound  of  chlordane  was 
about  as  effective  as  2  pounds  of  toxaphene  and  was  more  rapid  in  action. 
Toxaphene  showed  a  somewhat  longer  residual  action  than  chlordane  at  rela- 
tively high  dosages.  The  LD-50  values  for  chlordane  against  M.  differen- 
tial is  adults  when  tested  for  contact  effect  were  l6.3  in  19*47  and  9.3 
in  1948;  when  tested  for  stomach-poison  effect,  the  values  were  21 .8  and 
12..  In  these  tests  parathion  and  the  gamma  isomer  of  BHC  proved  more 
toxic  and  toxaphene  and  DDT  less  toxic  than  chlordane.  There  was  some 
evidence  of  slight  synergism  in  mixtures  of  DDT  and  chlordane.  The 
greater  the  ratio  of  DDT  to  chlordane,  the  greater  the  synergism. 

Gaines  and  Dean  (1.69.)  in  Texas  determined  the  relative  toxicity  of 
certain  insecticides  to  first  to  third  instar  nymphs  (M.  differ ent ial i s ) 
when  applied  as  contact  sprays  and  dusts  to  be  as  follows: 

MLD.  pounds  active  ingredients  per  acre 

Treatment  Spray  emulsions  Dust 

Toxaphene  1.17  1*73 

Chlordane  *U$  1.49 

Parathion  .05  .17 

Benzene  hexachloride  .04  017 

Lindane  .08 

,   The  materials  applied  as  sprays  made  from  wettable  powders  were  as 
effective  as  when  applied  as  spray  emulsions  made  from  miscible  oil  con- 
centrates. However,  the  dosages  required  to  kill  adults  were  consider- 
ably higher  than  those  required  to  kill  the  first  and  second  instar  nymphs. 
In  the  field  tests  chlordane  and  toxaphene  were  approximately  equal  in 
toxicity  to  young  grasshoppers  when  applied  as  spray  emulsions.  Dieldrin 
was  more  toxic  to  grasshopper  nymphs  than  benzene  hexachloride,  chlordane, 
aldrin,  or  toxaphene. 

Chlordane  was  first  tested  against  grasshoppers  in  the  field  in  the 
summer  of  194-6.  A  dust  containing  5  percent  of  chlordane  applied  at  the 
rate  of  25  pounds  per  acre  killed  more  than  90  percent  of  the  grasshoppers 
in  a  Missouri  apple  orchard  and  prevented  re-infestation  for  30  days. — 
Wingo  et  al.  (501,). 

Numerous  field  tests  of  chlordane  against  grasshoppers  have  been  con- 
ducted in  Argentina  (Parker,  356).  Canada  (Putnam,  379) .  South  Africa, 
Australia,  Salvador  (Zuniga  et  al . .  52u5) »    SXi^-   many  of  the  states.   The 
following  report  by  Parker  (357) «  of  the  U.  S.  Bureau  of  Entomology  and 
Plant  Quarantine,  of  field  tests  made  in  Arizona,  California,  and  Montana 
in  1947  presents  results  typical  of  those  found  by  other  workers. 

When  applied  in  sprays  or  dusts,  chlordane  and  toxaphene  caused  high 
mortalities  within  24  hours  and  continued  to  kill  over  a  period  of  1  to  4 
weeks.  Each  of  these  materials  was  as  effective  in  oil  solutions  as  in 
emulsion  and  when  applied  from  the  ground  as  from  airplanes.  Chlordane 
at  1  pound  per  acre  in  such  formulations  reduced  grasshopper  populations 


90   to  99  percent   in  3  days  or   less.     A   suspension  at   this  dosage  gave  90 
percent   kill,   and   duet  a  avera  at   kill  when  applied  by  airplane 

and  64  percent  by  ground  equipment.      In  field   to  bh  bp-its  C.5  pound 

of  chlordane ,   1  pound  of  toxapheno,   1   pound  of  y  :on,    or   0.1   pcund 

of   the  gamma   isomer   of  3HC  per   100  pounds   of   carrier   gave  10   to  IS   per- 
cent higher   kills   than  6  pounds  of    sodium  fluosili-  ate* 

Chlordane,    applied  as  an  emulsion  at    the   rate   of   1   and   1.'    pc  vnds 
per   acre   to  roadside  and  field  vegetation  in  Kansas,    caused  an  average 
reduction  of   84  percent   in  grasshopper  population  at   the   end  of   72  hours 
and  100  percent   at   the   end  of   7  days. — Butcher   ejb   al,.    (o0) . 

In  testa  made  at  Fort   Collins,    Colorado, in  1946,    chlordane  gave 
nearly  100  percent   control   in  3  days   or   less  when  applied  as  a  f-percent 
dust  at   20  pounds  per  acre,    or   as  a   spray,    2  pounds  per   100  gallons,    at 
50  gallons  per  acre.      For  use  as  a   spray  1  pound  of   chlordane  was   dis- 
solved  in  1   quart    of  xylene  with  50   cc.    of  Triton  X-100  and  this  then 
added  to  50  gallons  of  water. — Weihing  and  Hoerner    (485) . 

Aerosol    formulation  G-556  containing  4  percent   chlordane,   5  percent 
DDT,   20  percent  Freon-12,   5  percent  piperonyl  butoxide,   arid  66  percent 
methylene   chloride  killed  50  percent   of   grasshoppers,    confused  flour 
beetles,   and  American  cockroaches  when  they  were   exposed   to   ^J-day  old 
residues  of    it  applied  at   75  mg./sq.   ft.   of  DDT.      The  kill  was   increased 
to  about  80  percent  when  the  residue  was   tripled. — McBride   et  al .    (30.5) . 

Reports   of  tests  of   chlordane  against   the   f ollcvirig   species  of 
grasshoppers  have  been  published: 

Aeolopus  turnculll  brunerl  Caud.,    the   thistle  grasshopper 
Butcher   e_t  aJL.    (6C) . 

C.amnula  pellucida   (Scudd.),    the   clear -winged  grasshopper 

Arrr.itage    (2£) ,    Hinncn  and  Cowan   (2l8) ,   Parker    (357).   Wilson   (497). 

Chcrtoicetes   termlnifera   (V»1k.) 
Allman  and  Wright    (l_£) . 

Hesperotettix   speciosus    (Scudd.) 
Butcher  et,  al.    (c0) . 

Brachystola  ma^.na   (Gir.),    the  lubber  grasshopper 
Sevorin   (415) . 

Melanoplus  bivittatus    (Say),    the    two-striped  grass' 

Brett  and  Rhoades    (4£,    4£) ,   Butcher   et  al  .    (6o) ,   List   and 
Hoerner    (301).   Munro  et  al.    (337) .   Ehoa  ad  Brett    (?"c)  . 

Severin   (4L3) » 

Hm   di::  pr.'ntialis    (Thos.) ,    the  differential   grae      opper 

Armitage   (2£) ,  Brett  and  Rhoades   6*5) .  .    ( 6o) , 

Gaines    ( 1 63 ) ,    Gainer  pan   (1 66 ) ,    Qrahao    (lpO) ,    Hinman   • 

Cowan    (21c).   Kearns  e_t   al.    (246) ,   I  [earner    (3.01,) .   I 

(357).  Ehoades  and  Brett  (338),   Severin  ('.13),   S 
tfeJ  nd   Decker    (438,   *J89J.    Weiffl  ■?)  . 

''.   fenmr-rubxuB)  (Deg.),    the  red—] 

Armitage   l25).  Butcher  et  al.   (60) .  , 

Cowan   (_\  ,,    Eutaon  (Cjo),  List  and  Hot  Parker    (152), 

Severin    f5l3).    Sun  e£  j_l-    (ifcSfi),    '  57, 

Weinman  si  fil« 
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M,  marginatus  Scudd. 

Armitage  (25) ,  Parker  (152),  Wilson  G&Z). 
M.  mexicanus  devastator  Scudd.,  the  devastating  grasshopper 

Hinman  and  Cowan  (21,8) . 
M.  mexicanus  mexicanus  (Sauss.),  the  lesser  migratory  grasshopper 

Armitage  (25),  Brett  and  Bhoades  (ij£) ,  Butcher  eji,  aJL.  ( 60) , 

Brown  (ij£) ,  Brown  and  Hurtig  (il) ,  Hinnan  and  Cowan  (218) . 

Munro  et  al.  (222),  Parker  (25Z),  Bhoades  and  Brett  (288). 

Severin  (413). 
Schistocerca  americana  (Drury).  the  American  grasshopper 

Griffiths  and  King  &2£),  Griffiths  fit  &.    (128),  King  and 

Griffiths  (262),  Thompson  and  Griffiths  (454) . 
Zonocerus  eleaans  (Thunb.) 


legans 
M)T 


Petty  (363 

Chlordane  has  "been  recommended  for  the  control  of  grasshoppers  by 
the  state  entomologists  of  California  (25) ,  Georgia  (382).  Illinois  (2J4) , 
Indiana  (375-378).  Missouri  Q28,  2§i) .  Oklahoma  (222) ,  South  Dakota 
(4l6) ,  and  Wisconsin  ( 5,03 .  505).  Young  grasshoppers  may  "be  controlled 
"by  1/2  pound  of  chlordane  per  acre  hut  the  full  grown  ones  require  1 
pound  per  acre.  Emulsions  have  given  the  "best  results,  water -wet table 
powders  have  been  next,  and  dusts  have  been  least  efficient.  The  dusts 
wash  off  more  easily  than  the  other  two.  If  sprays  have  time  to  dry, 
they  will  not  wash  readily.  The  treatments  will  remain  effective  for 
about  10  days. 

The  U.  S.  Bureau  of  Entomology  and  Plant  Quarantine  in  February  1950 
recommended  chlordane  for  grasshopper  control;  0.5  to  1  pound  per  acre 
when  applied  as  a  spray  and  0.75  to  1.5  pounds  per  acre  when  applied  as 
a  dust.  In  the  bran-sawdust  poison  bait  mixture  0.5  pound  of  chlordane 
may  be  used  in  place  of  6  pounds  of  sodium  fluosiiicate. — Wakeland  and 
Parker  (258,  Ijgfi,  481 ). 


Blattidae 

Blattella  germanica  (L),    the  German  cockroach 

Purified  chlordane  dissolved  in  a  mixture  of  4  volumes  of  reagent 
grade  benzene  and  1  volume  odorless  kerosene  and  tested  for  direct   con- 
tact toxicity  on  4th  and  5th  instar  nymphs  caused  100  percent  mortality 
at  20  micrograms  per  square  centimeter.     The  median  lethal  deposit 
(LD-50)  was  1.7  micrograms  per   sauare  centimeter. — Erown,  Wennerg   and 
Park  Q2). 

When  applied  directly  to  adult  female  roaches  chlordane  gave  87  per- 
cent mortality  when  a  5.0-percent  dust  was  used  with  a  deposit  of  3.0 
micrograms  per  square  centimeter.      In  container  dusting  a  deposit  of 
0.5  micrograms  per  square  centimeter  of  a  0.5-percent  chlordane  dust  with 
a  deposit  of  0.75  micrograms  per  sojuare   centimeter  gave  a  mortality  of 
90.0  percent.     DDT  and  sodium  fluoride  were  less  toxic  and  gamma-BHC  was 
more  toxic  than  chlordane. — Kiswander  and  Davidson  (352) . 
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When  tested  in  the  form  of  deposits,  chlordane  paralyzed  roaches 
more  quickly  than  DDT  and  toxaphenc ,  "but  less  quickly  than  gamma-3EC. — 
Hanman  (202) . 

Residue  tests  were  made  by  placing  the  insects  on  crystalline  de- 
posits of  the  compounds  on  filter  paper,  deposited  from  standard  acetone 
solutions.   Chlordane  and  gamma  "benzene  hexachloride  were  about  equal  in 
toxicity  and  each  was  more  than  1,000  times  as  toxic  as  DDT.  A  chlordane 
residue  of  1.3  micrograms  per  square  centimeter  killed  70  percent  of  the 
roaches  inl20  hours. — Metcalf  ( 3,2,3 ) . 

Adult  German  and  American  cockroaches  were  placed  for  two  hours  on 
pieces  of  cotton  twill  cloth  that  had  been  impregnated  with  acetone  solu- 
tion of  the  test  material  at  the  rate  of  200  mg.  per  square  foot.  Gamma 
benzene  hexachloride  was  the  best  of  the  materials  during  the  first  week 
and  was  outstanding  on  5-hour  knockdown,  but  it  had  lost  most  of  its 
toxicity  by  the  28th  day.  Chlordane  was  effective  when  fresh  and  was 
somewhat  more  lasting  than  the  other  materials,  although  it  was  not 
highly  effective  after  28  days.  DDT  and  toxaphene  did  not  give  high 
kills  from  2-hour  exposures  even  when  freshly  applied.  The  American 
cockroach  appeared  to  be  somewhat  more  resistant  than  the  German  cock- 
roach to  gamma  benzene  hexachloride  and  chlordane,  but  showed  less  re- 
sistance to  DDT.  Chlordane  and  gamma  benzene  hexachloride  sprayed  at  the 
rate  of  100  mg.  per  square  foot  on  the  walls  of  kitchens  infested  with 
cockroaches  (chiefly  Blattella  germanica  with  P.  americana)  eliminated 
a  high  proportion  of  the  roaches,  and  the  rooms  did  not  become  reinfested 
with  this  species  during  the  subsequent  observation  period  of  8  weeks. 
Solutions  of  chlordane  and  a  mixture  of  chlordane  and  DDT,  when  dispersed 
by  means  of  a  thermal  fog  generator,  effectively  controlled  cockroaches, 
but  a  similar  treatment  with  DDT  alone  was  much  less  successful.— Gahan 
et  al.  (162). 

Chlordane  should  be  applied  at  about  500  mg.  per  square  foot.  The 
apparent  greater  effectiveness  of  chlordane  over  DDT  may  be  due  to  the 
persistent  sticky  nature  of  the  material  coupled  with  a  slight  fumigating 
property. — Kruse  (269) . 

In  laboratory  tests  chlordane  at  2-percent  strength  in  oil  solution 
was  more  effective  than  a  10-percent  DDT  powder .--Gould  (183.  18U .  189). 

Five  gallons  of  a  2-percent  chlordane  emulsion  applied  with  a  Ses- 
Kil  aerosol  generator  to  a  building  gave  practically  100  percent  control, 
and  only  a  few  roaches  had  reappeared  k   months  later. — Sorasen  and  Munro 

too). 

Perlplaneta  americana   (L.),    the  American  cockroach 

The  relative   toxicity   of   chlordane  and  DDT  to   the  American  roach  was 
determined  by   applying  precisely  measured  dosages   to   the    thoracic    territes. 
Dosage   mortality  curves  plotted  from  data  obtained   in  these   tests    showed 
chlordane   to   be  approximately    three   times  as    toxic   as  DrT   to   this    insect. 
The  LD-50   for   chlordane  was  found   to  be  approximately   Ik  micrograms  per 
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gra.ni  of  body  weight  as  compared  to  38  micrograms  per  gram  of  "body  weight 
for  DDT,  when  measured  120  hours  after  treatment.  The  corresponding 
values  for  LD-95  were  approximately  25  micrograms  per  gram  of  "body  weight 
for  chlordane  and  70  micrograms  for  DDT  per  gram  of  body  weight. — Kearns 
et  al .  (2ij-5) . 

When  chlordane  was  added  to  a  urea-formaldehyde  surface  coating  (50- 
percent  on  the  dry  weight),  it  was  more  effective  than  DDT  hut  less 
effective  than  gamma  "benzene  hexachloride  a3  measured  both  by  the  time 
to  cause  50  percent  knockdown  and  the  time  to  produce  100  percent  knock- 
down.—Block  Q£). 

See  also  under  Blattella  geriaanica. — Gahan  §t   al,.  (l62) . 

The  value  of  chlordane  in  controlling  cockroaches  has  been  demonstrated 
by  pest-control  operators  and  others.  In  general,  practical  tests  have 
shown  better  results  than  those  in  the  laboratory.— Knipling  (26£)„ 

Chlordane  has  come  into  wide  use  against  cockroaches.  Its  fumigating 
action  plays  a  part  in  its  effectiveness  against  cockroaches  in  hiding 
places.— Bishopp  (32). 

The  dairy  of  Oregon  State  College  remained  free  of  cockroaches  for 
6  months  after  the  application  of  a  kerosene-chlordane  space  spray.— 
Fowler  (152). 

When  tested  in  a  dust  chamber  where  a  very  small  quantity  of  the 
test  material  was  applied  to  a  surface,  a  5-percent  chlordane  dust  killed 
all  roaches  in  3  days. — Lemmon  (296) . 

Chlordane  was  recommended  as  one  of  the  better  insecticides  for  the 
control  of  roaches  by  the  U.  S.  Bureau  of  Entomology  and  Plant  Quarantine 
(^•72)  in  August  19*19 •  Proper  application  of  an  insecticide  is  probably 
more  important  than  the  selection  of  the  one  to  be  used.  Either  powdered 
or  liquid  formulations  will  give  satisfactory  results. 

Gryllidae 

Gryllotaloa  hexadactvla  Perty,  the  American  mole  cricket 

Chlordane  was  applied  to  turf  as  a  5-percent  dust  at  the  rate  of  one 
pound  of  actural  chlordane  to  the  area  and  watered  in.  There  was  an 
average  of  nine  dead  mole  crickets  on  each  plot  of  100  square  feet.  The 
effectiveness  of  chlordane  against  mole  crickets  persists  for  as  long  as 
six  weeks  to  two  months  after  application.  Death  results  from  ingestion, 
contact,  and  fumigation. — Kelsheimer  (250.  251). 

Acheta  assimilis  P.,  the  field  cricket 

A  5-percent  chlordane  dust  applied  at  the  rate  of  1  pound  of  toxi- 
cant per  acre  reduced  the  population  about  30  percent  within  2M-  hours.  A 
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chlordane-bran  "bait  applied  at  the   same  rate  reduced  the  population  50 
percent. — Munro  .si.  al»    (339)  . 

Nemobius  fasciatue  Deg.,    crickets 

Crickets  were  more   susceptible   to   chlordane    than  to  DDT.     A  0.05  per- 
cent  chlordane  dust  killed  88.4  percent   of   crickets    (nymphs   and  adults}    in 
2  days  while  a  1-percent   technical   grade  DDT  dust  gave  only  84.7  percent 
mortality. — Sun  et  al.    (450). 

Scapteriscu,8   abbreviatus   Scudd,    the    short  winged  mole-cricket 

Wheat  bran  bait  containing  1-percent  of   chlordane  killed  100  percent 
of  these  crickets  in  10  days.     A  50-percent   chlordane  wettable  powder  at 
4  pounds  per  100  gallons  of  water  per  1000  square  feet   of   surface  was 
also  effective.— Hay  Blip   (211.    212). 

Scapteriscus  acletus  E.   &  H.t    the   sourthern  mole  cricket 

.?_•  vicinus  Scudd.,    the  Puerto  Rican  mole   cricket,    changa 

Chlordane  kills  much  faster  than  does  DDT.     For    seedbeds  it  is  ad- 
vised to  use  50-percent   chlordane  emulsion  at  the  rate  of  1/4  pint   to  100 
gallons  of  water,   applying  this  solution  by  means  of  a  sprinkling  can  to 
1,000  square  feet   of  seedbed  area.     One  application  should  be   sufficient 
to  give  protection  for  at  least   two  to  three  weeks.     Two  pounds  of  50- 
percent  chlordane  wettable  powder  mixed  with  50  pounds  of  wheat  bran 
makes  an  efficient  poison  bait.     Application  is  made   in  the  late  after- 
noon or  evening.     The  killing  power   seems  to  be  increased  by  rains   or 
artificial  watering.— Kelsheimer    (260-252). 

As  little  as  1/4  pound  of  chlordane  as  a  50-percent  wettable  powder 
in  100  gallons  of  water  per  1000  square  feet  killed  95  percent   of 
southern  mole   crickets  in  8  day a.     A  5-percent  chlordane  dust  at  60 
pounds  per  acre  killed  95  percent  in  10  days.     The  dust  was  mixed  with 
commercial   fertilizer  and  applied  to   the  upper  2  inches  of  soil.— 
Hay  slip   (211,  2U)  • 

Unidentified  crickets 

The  University  of  Wisconsin  (503)  recommends  chlordane  for  cricket 
control   in  the   same  dosage  as  used  for  grasshopper   control. 


IS0PTERA 

Termitidae 

Trinervitoraes  havilandi  Fuller 

When  applied  as  2.5-percent   kerosene   sprays    to  various    surfaces   the 
initial   toxicities  of  DDT,   BHC,   and   chlordane   are   of   the   same  order  but 
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DDT  is  much  mors  persistent.  BHC  and  chlordane  become  ineffective  after 
1  to  2  months,  "but  the  toxic  effect  of  DDT  is  appreciable  after  10  months, 
None  of  the  three  was  very  effective  upon  enameled  surfaces.  BHC  caused 
a  quick  knockdown  hut  if  insects  were  then  removed  from  treated  surfaces, 
final  mortality  was  often  very  low.  Recovery  after  knockdown  from  DDT 
or  chlordane  v/as  rare.-- Petty  (.225.)  * 


Rhino  ter  mi  tid&e 

Reticulltermes  flavloes  (Kollar),  the  eastern  subterranean  termite 

Chlordane  mixed  with  sandy  soil,  1  to  20,000,  remained  toxic  for  3 
years. — Hetrick  (216) . 

Unidentified  termites 

Soil  treated  with  a  0. 25-percent  emulsion  of  chlordane  remained 
toxic  to  termites  13  months  after  application  in  a  test  at  Urbana, 
Illinois.— Shelf ord  (j&Z). 

A  second  test,  made  one  year  after  the  first  test,  showed  that  the 
soil  had  lost  no  toxicity.  Furthermore,  there  was  no  difference  between 
samples  from  a  3  inch  and  an  8  inch  depth. — Shelf  ord  (#L,8) . 

THYSANOPTERA 

Thripidae 

Pranklinie3,la  fusca,  (Hinds),  the  tobacco  thrips 

In  small  plot  tests  at  Baton  Rouge  and  Bossier  City,  Louisiana  in 
19^8,  three  applications  of  10-percent  chlordane  dust  at  the  rate  of  10 
pounds  per  acre  at  weekly  intervals,  beginning  with  the  appearance  of  the 
first  true  leaf,  gave  satisfactory  control.  Although  this  treatment  re- 
sulted in  significant  increases  during  the  seedling  stage  in  height  and 
leaf  surface  of  the  treated  plants  as  compared  to  the  untreated  checks, 
the  differences  were  not  reflected  in  yield  between  treated  and  untreated 
plants. — Newsom  £t  aJL»  (.248) . 

Heliothrips  haemor rho idal i s  (Bouche),  the  greenhouse  thrips 

In  laboratory  tests  with  adult  female  thrips  chlordane  was  less  toxic 
than  DDT,  gamma-BHC,  TEPP,  and  parathion;  about  as  toxic  as  toxaphenej  and 
more  toxic  than  TDE  and  methoxychlor.  A  concentration  of  0.0035  percent 
gave  a  fifty  percent  kill.— Metcalf  (322).  Metcalf  et  al.  (325). 

Scirtothrips  citri  (Moult.),  the  citrus  thrips 

Chlordane  was  not  promising  in  tests  in  southern  California. — Ewart 

(i3Jt). 
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TaenlothrlT--    .cJ._332lfii   (*or.),    the  gladiolus   thrips 

For  thrips  on  gladiolus  chlordane  dust   is  more  effective  than  DDT 
dust  but   not  as  effective  as  the  Fprry.     During  March  and  Aorll  when  DDT 
sprays  are  not  effective   chlcrdane    sprays  give  more   satisfactory   control 
especially  where  a  severe  infestation  has  developed. — Kagie    (309) » 

An  emulsion  of  0.5  pound  of  chlordane  per  100  gallons  of  water 
applied  6  times  at  weekly  intervals  at  the  rate  cf  130  gallons  per  acre 
gave  94  percent   clean  flowers  up  tp.two  weeks  after   *.he  last  application.— 
Smith   (42.3);   Smith  and  Boswell  V&#J . 

A  5-percent  chlordane  dust  and  a  50-percent  chlordane  wet table 
pewder  at  2  pounds  per  100  gallons  of  water  v/ere  very  effective  in  kill- 
ing thrips  within  the  leaf  folds  and  flower  buds. — Magie  and  Kelsheiner 

Qlft). 

Good  control  of  thripa  on  gladiolus  was  obtained  from  the  use  of  5 
percent  chlordane  dust.— Jenkins   (2J&) . 

Thrips,  tabaci  Lind.,    the  onion  thrips 

When  tested  on  potted  onion  plants  in  the  greenhouse,   a  dust  mixture 
containing  2  percent   chlordane  gave  excellent   control  of  the  onion  thrips.— 
Sun  e_t  al .    (k£Q) . 

In  trials  in  Indiana  in  19^6,    2-  and  5-percent  chlordane  dusts  and    a 
5-95  DDT-smfur  mixture  gave  the  greatest  reduction  in  the  thrips  popula- 
tion.—Gould   (186). 

A  pyrophyllite  dust  containing  5  percent  of  chlordane,   applied  at 
the  rate  of  10,5  pounds  per  acre,   caused  a  98  percent  reduction  in  the 
number  of  thrips  2U  hours  after  treatment  and  a  71  percent  reduction  5 
days  after   treatment.     These  tests  were  made  on  seedling  cotton  at 
Bayview,   Texas  in  the   spring  of  19^7  on  0.1  acre  plots. — Fife  ejfc  al.    (137). 

In  1947  in  New  Jersey,   a  3-percent   chlordane  dust  gave  an  outstand- 
ing reduction  in  thrips  population  and  a  fairly  good  increased  yield  of 
onions .  — Pepper    (.262) . 

Chlordane  emulsion  spray,   1  pound  per  100  gallons  of  water,    gave 
promising  results  in  19^7  in  tests  at  Twin  Falls,    Idaho,    causing  a  re- 
duction of  77  percent   in  the  population. — Douglass  and  Shirck  (1,3.2) . 

Chlordane,   applied  as  a  dust  at  weekly   intervals,  gave  very  good 
control  of  thrips  on  onions,   reducing  the  number  to  an  average  of  less 
than  9  per  plant,   whereas   the  untreated  plants  averaged  31    thrips   per 
plant   throughout   the    season.     The  plants   in  all   treated  plots  were 
larger  and   greener    than  those   in  the   check  plots. — Floyd  and   Smith   (1^6) . 
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ANOPLURA  AND  MALL0PHA.GA 

Chlordane  has  been  tested  against  several  species  of  sucking  and 
biting  lice  and  found  to  be  highly  effective, — Bushland  (jiZ);  Bishopp 
and  Knipling   Qjfc) . 

Tests  with  identified  species  have  been  reported  a3  follows: 

Anoplura  -  Haematopinidae 

flaematopinus  advent icius  Neum.,   the  hog  louse 

In  one  test  with  a  few  animals  chlordane  wettable  powder  spray  at 
0.2  percent   concentration  gave  apparent  complete  control  of  hog  lice.— 
U.  S.  Bur.  Ent.  and  Plant  Q,uar.    (468). 

Sprays  containing  0.2  percent  of  DDT,   TDE,  or  chlordane  completely 
elimininated  lice  on  hogs  in  tests  made  in  Massachusetts  in  1946.     No 
irritation  or  harmful  effects  from  the  insecticides  were  observed.     The 
chlordane  acted  most  rapidly  and  the  lice  began  to  drop  in  a  few  minutes.— 
Sweetman  (451) • 

Haemato-pinus  eurysternus   (Nitz.),   the  short-nosed  cattle  louse 

Linognathus  vituli  (L.),   the  long-nosed  cattle  louse 

A  0.5  percent  chlordane   suspension  destroyed  all   short-nosed  and 
long-nosed  lice  on  heavily  infested  cattle  in  less  than  8  hours,  was  non- 
irritating,   and  a  single  application  was  nontoxic  to  newborn  calves. — 
U.  S.  Bur.  Animal   Ind.    (465). 

Tests  on  cattle  against   sucking  lice  of  the  species  Haemato-pinus 
eurysternus  and  on  goats  against  biting  lice,  Bovicola  spp.,   indicate 
that  the  motile  forms  are  killed  with  lower  concentrations  of  chlordane 
than  are  required  for  DDT. — Enipling  (264). 

Linognathus,  setosus  (Olf.),   the  dog  sucking  louse 

No  lice  were  found  on  dogs  24  hours  after  they  had  been  dipped  in  a 
0#42-percent  technical  chlordane  emulsion. — Turk  and  Batte   (46pj. 

Anoplura  -  Pediculidae 

Pedi cuius  hvunanus  corporis  Deg.,   the  body  louse 

Chlordane  was  found  to  be  outstanding  against  the  body  louse,   but 
less  persistent  than  DDT  or  toxaphene. — Bishopp   Q2). 

When  impregnated  in  cloth  or  when  employed  in  powder  form,   chlordane 
proved  much  more  effective  than  DDT.     It  also  acted  faster  than  DDT, 
paralyzing  lice  in  3  hours  as  compared  with  6  hours  for  DDT.     When  compared 
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with  DDT  on   the   "basis   of  persistence,   1-percent   and  5-percent  powders   of 
the   two  materials  were   about   equal   -  perhaps   chlordane  was   slightly   more 
effective.      In  washing  tests,    garments   impregnated  with  DDT  were   more  re- 
sistant  to  loss  of  effectiveness   than  were   those   treated  with  chlordane. — 
Knipling  (264). 

When  applied  to   cloth  and   evaluated  by   the  beaker   test   method, 
technical    chlordane  was   effective  at   a  concentration  of  0.0005  percent. 
Lice  exposed   on  cloths   impregnated  with  1   percent   of   insecticide  were 
paralyzed  within  3  hours  by  chlordane.      Chlordane  was  about   as  long- 
lasting  as  DDT.      Sleeves   of  cotton  underwear    cloth  impregnated  with  2  per- 
cent of  the   insecticides  were  compared  for  resistance   to  laundering. 
Toxaphene,   which  was  the  most  effective  treatment,  remained  lethal   to  lice 
after  four   15-rainute  boilings  in  a  1-percent   soap  solution.     DDT  lasted 
almost   as  long  and  was   superior    to  chlordane. — Eddy  and  Bushland   (126) . 

A    single  dose  of  chlordane  was  administered  orally   to  rabbits  at  a 
dosage  of  300  mg./kg.     When  undiluted  chlordane  in  a  gelatin  capsule  was 
fed  to    the   animal,    the   mortality  of  lice   feeding  on  the   rabbit  was  l6 
percent  after   4  days.     When  administered  as  a  10  percent   solution  in 
corn  oil    (5  rag. /kg.)    through  a  stomach  tube,    the  mortality  of  lice  was 
60  percent  after  2  days,   but   the  rabbit  died  after  4  days.     One  rabbit 
receiving  300  mg.   chlordane  per  kg.   in  corn  oil  died  within  2  hours; 
another  receiving  25  mg./kg.  died  within  3  hours. — Knipling  .ai  Sl»    (266) 

Mallophaga  -  Menoponidae 
Eomenacanthus   stramineus   (Nitz.),   the  chicken  body  louse 
Menopon  gallinae    (L.),    the    shaft  louse 


Mallophaga  -  Phil opt eridae 

G-oniocotes  hologaster  Eitz.,   the  fluff  louse 

Dusts   containing  2  or  5  percent   of   chlordane, applied  at  rates 
from  2  to  10  pounds  per  100   square  feet  of   soil,   gave   excellent  results 
and  were   somewhat    superior   to  the  3-percent  DDT  dust.      The  birds  remained 
free  of  lice   for  4  to  5  weeks. — Creighton  e_t  al.    ( 57 ) . 

One  application  of   5-p©rcent   chlordane  dust  to   the  birds  was  less 
efficient   than   sodium  fluoride,    but   gave    satisfactory   control  up  to   70 
day 8  after   treatment.     Pens  treated  with   2-percent   and  5-percent   chlordane 
sprinkled  over   the  litter  at   the  rate   of  2  pounds  per  100   square  feet  were 
still   free   from  lice  70  days  after   treatment. — Edgar    (130):    Edgar   e_t  al. 

(131). 

In  laboratory  tests   in  Kentucky   excellent   control    of  body,    shaft, 
and  fluff  lice  was  obtained  with  one  application  of  5-percent  chlordane 
powder   on  the  bird. — Ky.  Agr.   Expt.    Sta.    (2^3). 
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Cu,clotogaster  heterographus   (Nitz.),  tlie  chicken  head  louse 
Lioeurua  caponis  (L. ) ,  the  wing  louse 

Same  as  for  Bomenacanthus  s tramlneua .  —Bdgar   (1^0 ) ;  Idgar  ejt  £■!•    (121). 

Mallophaga  -  Trichodectidae 

Bovicola  canrae   (Gurlt),   the  red  goat  louse,   the  goat  biting  louse 

B.  crassipes   (Rud.),   the  yellow  louse  on  goats 

Chlordane  and  DDT  are  about  equal  in  efficiency  against  the  red  and 
yellow  goat  lice.     In  a  limited  number  of  tests  a  0.2-percent  concentra- 
tion of  chlordane  in  dip  form  with  either  wettable  powder  or  emulsion  gave 
complete  control  which  was  maintained  for  at  least  k  months. — U.  S.  Bur. 
Ent*.  and  Plant  Quar.   (*+68). 

£•  eaul  (!«•)»  tlj»  horse  biting  louse 

Chlordane  emulsion  was  better  than  chlordane  wettable  powder,  which 
was  better  than  DDT  wettable  powder.     The  LD-50  of  chlordane  in  emulsion 
form  was  0.0^+3  percent.     The  sprays  were  applied  to  Shetland  ponies  by 
means  of  an  electric  hand  sprayer. — Batte  and  Gaines   (28) . 

Bovicola  spp. 

See  under  Haematopinus  eurysternus. — Knipling  (26**). 

HOMOPTERA 

Aleyrodidae 

Aleurocanthus  wpglumi  Ashby,   the  citrus  blackfly 

The  addition  of  0.9  ounce  of  chlordane  per  gallon  of  light-medium 
emulsion  oil  which  was  applied  as  a  1.67-percent  water  emulsion  did  not 
enhance  the  toxicity  of  the  oil  to  1st,   2nd,  and  3rd-instar  larvae  or   to 
pupae. — Plummer  and  Shaw   (3,68). 

Chlordane  in  Velsicol  AE-60  or  kerosene  exhibited  low  toxicity. — 
Woglum  evt  a^.    (506) . 

Trialeurodes  vapor arior urn  (Westw.),   the  greenhouse  whitefly 

When  applied  as  dusts  containing  1  percent  of  the   toxicant,    chlor- 
dane was  less  toxic   (52.6  percent  mortality)  than  gamma-BHC   (97.8)   or 
aerosol  grade  DDT   (85.6)   to  adults. — Sun  et  al.   (^50). 
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unidentified  species 


A   5-percent   chlordane  dust  applied  for   the  control   of   the   serpentine 
leaf  miner   on  asters   controlled  whitefly,   hut  was   inferior   to  a  EHC  dust 
(0.75  percent   gamma  content)    for   this  purpose. — Jefferson  and  Pence    (239) . 


Aphidae 

Anur aphis  per sicae-niger    (Smith),    the  "black  peach  aphid 

In  Oregon  a  2-percent   chlordane  dust   killed  only  18.5  percent   of 
these  aphids   on  peach  trees. — Jones  and  Rosenstiel    (244). 

Aphis  gossypii  Glov.t    the   cotton  aphid,    the   melon  aphid 

In  lahoratory  and  cage  tests  at  Waco,    Texas   in  1946,    chlordane   gave 
promising  results  against   cotton  aphids. — Harned    (205) . 

At  10-  and  20-percent   concentrations   chlordane  dust  was   effective 
against   cotton  aphids,   hut   not   quite   so   effective  as   corresponding  con- 
centrations of  toxaohene ,   or  BHC   (gamma  isomer  5*75  percent). — Ivy  and 
Swing   (237). 

At  Florence,    South  Carolina  in  1947,    10-  and  20-percent   chlordane 
dusts  gave  good  control   of  cotton  aphid,   hut  a  mixture   of  10-percent 
chlordane  and  5-percent  DDT  permitted  a  build-up  of  aphids   in  one 
test. — Eondy    (41) . 

A  5-percent   chlordane  dust  did  not   affect   the  aphid  population. — 
Arant   (20). 

At  a  dilution  of  1   to   300   of  an  emulsion  concentrate   containing  20 
grams  of   insecticide  per  100  ml.,    chlordane  was   slightly  less   toxic   than 
technical   grade  DDT   to    the  melon  aphid  of  various  ages. — Sun  e_t  a^.    (450) , 
In  additional   tests  these  workers    (449)   used  the  melon  aphid  as  a  test 
insect   to   evaluate  different   chlordane   formulations. 

Chlordane   25-percent   emulsion  at  1:400  was  unsatisfactory  in  con- 
trolling aphids   (chiefly   this   species)    on  celery   in  Florida   in  1948.      Ho 
injury  to   celery  plants  was  ohserved. — Wylie    (514). 

Aphis  fahae   Scop. ,    the  hean  aphid 

Mixtures   of   nicotine  and   chlordane  dusts   tend  to  produce  mortalities 
slightly  exceeding  those   to  he   expected   from  similar   joint  action,   hut 
the  differences  may  not   he  great  enough  to  prove   synergistic  action.      At 
the  50-percent  mortnlity  level   nicotine   is  1.49   times   as   toxic  as   chlor- 
dane;   at    the   90-percent  level   nicotine   is  1.43   times  as   toxic  as  chlor- 
dane.— Sun   (445). 
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In  the  form  of  a  1-percent  dust  chlordane  was  more  effective   than 
aerosol  grade  DDT  against  the  "bean  aphid  in  greehou.se  experiments  in 
which  aphids  of  various  ages  were  included  in  the  mortality  counts. — 
Sun  si  fil*    (450). 

See  under  Epilachna  varivestis. — Huckett   (229) . 
Anhls  spiraecola  Patch,    the  spirea  aphid 

See  under  Macros iphum  pisi. — Kearns  e_t  al.    (245) » 

Macros iphum  pisi   (Kith.),   the  pea  aphid 

In  laboratory  tests  10-percent  chlordane  was  more  toxic  than  1-per- 
cent nicotine,  and  2-percent  chlordane  was  less   toxic  than  1-percent 
gamma-BHC .  — B  i shopp  (^2 ) . 

In  parallet  tests  with  chlordane  and  DDT,  applied  as  aqueous  disper- 
sions to   the   spirea  aphid  and  to  the  pea  aphid,    chlordane  proved  several 
times  more  toxic  to  these   insects  than  DDT.     The  pea  aphid  is  the  less 
susceptible   of  the  two  species  to  "both  compounds. — Kearns  et,  a2..    (245.) » 

In  laboratory  tests  2-percent  chlordane  dust  gave  higher  mortalities 
than  aerosol  grade  DDT  and  toxaphene  of  the  same  concentration     on  adults 
of  the  pea  aphid.     In  greenhouse  and  field  experiments  where  aphids  of 
various  ages  were  included  in  the  mortality  counts,   however,    the  results 
show  that  chlordane  was  less  effective  than  technical  grade  DDT  against 
the  pea  aphid. — Sun  et  al.    (450) . 

A  5-percent  chlordane  high  pressure  aerosol  gave  72  percent   control 
of  pea  aphid  in  Virginia;  DDT  gave  94  percent  control. — Anderson  and 
Hof master   (12) • 

Macroslphum  solanifolil   (Ashm. ),  the  potato  aphid 

Tests  made  in  Wisconsin  in  1946  with  tribasic  copper  sulfate  plus 
insecticide  showed  chlordane  both  as  a  dust  and  as  a  spray  to  rank  below 
HETP,  DDT,   nicotine,   and  BHC— Wis.  Univ.    (504). 

Same  as  for  M.  pisi.— Sun  et  al.    (4,50). 

Myzus  per sicae   (Sulz.),   the  green  peach  aphid 

For   the  control  of  the  green  peach  aphid  on  shade  grown  tobacco   in 
Florida  in  1947,    chlordane  at  first  gave  an  excellent  kill,   but  later 
applications    (perhaps  of  a  different  compounding)   did  not  prove  effec- 
tive.—Wilson  el  al.    (499). 

In  greenhouse  experiments  a  1-percent   chlordane  dust  was  more 
effective  than  a  1-percent  technical   grade  DDT  dust. — Sun  et  al.    (450) . 
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In  Florida  chlordane  ^O-percent   emulsion  at  1:^00    showed  promise, 
but  was  less    effective   than  BHC,   parathion,    and  DDT  emulsion  in  combat- 
ing these  aphids  on  cabbages. — Kayslip    (2ll) . 

Phyllanhis  f a<ei    (L.),    the  woolly  "beech  aphid 

A  50-percent   chlordane  wettable  pov;der  at  1  and   2  pounds  per  100 
gallons  of  water  proved   ineffective. — Kerr    (2o0) . 

Phopalosiphums  pseudobrassicae    (Davis),    the   turnip  aphid 

A  5-percent  chlordane-pyrophyllite  dust  in  laboratory  tests  killed 
only  1.5  percent  of  these  aphids  on  kale  leaves  after  Zk  hcurs. — Brooks 
and  Anderson   (J4&) . 

Same   as   for  M.   -persicae. — Hayslip   (211 ) » 

Shopal 0 3 iphum  rufomaculatum  (Wilson),    the  green  chrysanthemum  aphid 

In  tests  to  determine  the  fumigant  action  of  chlordane  on  apterous 
females,   air    currents  had  a  marked  effect   on   the   toxicity.     A  60-percent 
solution  was   tested  at  dilutions  of  0.125  and  0.5  pound  actual   chlordane 
per  100  gallons.      In  still  air   0.5  pound  per  100  gallons  caused  a  mor- 
tality of  37.9  percent   to  aphids  exposed   to   the  vapor;    in  an  air   current 
of  3*7  miles  per  hour  the  mortality  was  35  percent. — Dustan  ejt  al.    (l2l) . 

Sipha  flav a   (Forbes) ,   the  yellow  sugarcane  aphid 

In  Louisiana  in  19^7  and  19*+8  chlordane   gave  nearly  perfect   con- 
trol.—Dugas  et  al.    (112,   119) . 


Cercopidae 

Philaenus  leucophthalmus    (L.),    the  meadow   spittlebug 

Five-  and  2-percent   chlordane  dusts  at   the  rate   of  20  pounds  per 
acre  gave  almost   complete   control   of   spittlebug  nymphs   on  strawberries 
and   sweet   clover   in  Wisconsin   in  19^7  and  were  more   effective  than  a  5- 
percent  DDT   dust.      On  alfalfa  a  5-percent   chlordane  dust  was   the  most 
effective  of  all  mater ials    tested,    including  hexaethyl    tetraphosphate, 
tetraethyl   pyrophosphate,   DDT,    and  BHC. — Chamberlin  et   al.    ( 6£) . 

In  Michigan   in  19^7  mammoth  clover   dusted  with  2-percent   chlordane 
plus  3~percent  DDT  at    the  rate   of  30  pounds  per   acre  had  28  percent   of 
the    stems   infested   7  days  after   treatment  as   compared   to  hZ  percent    in- 
festation for   5-percent  DDT  and  no   infestation  in  plants   treated  with 
0.36-percent   gamma-BHC  dust. — Pedercon  and  Sherman   (36l) . 

Chlordane   emulsion  and  wettable   powder  at  1  pound  of   toxicant    per 
acre   in  19^8   killed  about  2/3   of  the   nymphs,    proving  less  effective   than 
it  did    in  the  19^7  tests. --Chamberlin  and  Medler    (£g.) . 
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A  3-percent  chlordane  dust  gave  93  percent  control  of  meadow 
spittlebug  on  strawberries. — Wis,  Univ.  ($03) . 

Chlordane  controlled  spittlebugs  "but  was  inferior  to  methoxychlor. — 
Wilson  (500). 

Cicadellidae 

Circulifer  tenellus  (Baker),  the  beet  leafhopper 

In  Utah  chlordane  dust,  spray,  and  emulsion,  applied  four  times  at 
weekly  intervals,  beginning  with  date  of  planting  and  during  the  period 
of  leafhopper  movement, did  not  control  the  curly  top  disease  of  tomatoes 
because  the  leafhoppers  fed  upon  the  tomatoes,  thus  transmitting  the 
disease  before  receiving  a  lethal  dose. — Dorst  and  Peay  (ill). 

Enrooasca  fabae  (Harr.),  the  potato  leafhopper 

In  Indiana  in  19^6  chlordane  proved  inferior  to  DDT. — Gould  (1,88) . 

When  compared  as  dusts  3-percent  chlordane  was  inferior  (50.6  per- 
cent mortality  in  3  days)  to  0.5-percent  DDT  (9^.7  percent  mortality). — 
Sun  et  al.  (*4-50). 

Chlordane,  when  applied  alone,  seemed  to  have  an  attracting  effect 
on  the  leafhoppers.  One  week  after  treatment  the  potato  leafhopper 
population  increased  on  chlordane  treated  plots  2.ij-  times  the  untreated 
and  by  the  end  of  k  weeks,  increased  3»1  times.  The  plants  in  the  chlor- 
dane plots  yellowed  and  were  stunted  in  sharp  contrast  to  the  untreated 
plots  which  were  also  seriously  injured  by  the  leafhoppers,  but  didn't 
sustain  such  high  numbers.  Chlordane,  1  pound  per  acre  decreased  alfalfa 
seed  yield  25  percent,  but  the  combination  of  1  pound  DDT  plus  1/2  pound 
chlordane  (the  best  treatment  tried)  increased  the  yield  102  percent. — 
Wilson  (500). 

Unidentified  species 

Some  leafhoppers  were  killed  by  chlordane  (3/^  or  1  pound  per  acre) 
applied  for  the  control  of  grasshoppers. — Severin  (41^-) . 


Cicadidae 

Magicicada  septendeclm  (L.),   the  periodical   cicada 

Chlordane  spray,   6.4  gallons  of  50-percent  emulsion  or  8  pounds  of 
50-percent  wettable  powder  per  100  gallons  of  water,  was  ineffective 
even  when  the  cicadas  were  caught  in  the   spray  fog  and  well  covered. — 
Outright   (96). 
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In  field  tests  in  Virginia  in  1948  tr.e   application  of  c  hi  card  an  e 
spray  (3»75  pounds  per  100  gallons  of  water)  to  apple  trees  and  to  the 
undergrowth  and  soil  beneath  the  trees  did  not  retard  the  emergence  of 
cicadas.   In  laboratory  tests  cicadas  in  cages  were  sprayed  directly 
with  this  same  chlordane  spray.  After  24  hcurs  39  percent  of  the 
cicadas  were  still  normal. — Vfoodside  (  510) . 


Coccidae 

Coccus  •pseudomagnoliaruc   (Kuw.),   the    citricola  scale 

Chlordane  was  not  promising  in  tests   in   southern   California. — 
Zwart    (]J4). 

Parlatoria  oleae   (Colvee),    the  olive   scale 

A   spray   of  1   quart   chlordane   in  100  gallons  of  water  plus  3  pounds 
of  15-percent  para.thion  applied  in  November  reduced  the  percentage  of 
scale-infested  olives  from  96  to  67  in  11  months. — Stafford   (436) . 

Fseudoccoccus  maritimus   (Ehrh.)t   the  grape  mealybug 

Chlordane   spray   (2  pounds   of  50-percent  wet  table  powder  per  100 
gallons  of  water)    caused  49.8  and  43.6  percent  mortality  one  week  after 
applications   on  May  19  and  June  2. — Neiswander   (34^) . 

Delphacidae 

Peregrinus  maldis    (A3hm.),    the   corn  lantern  fly 

A  5-percent    chlordane-pyrophyllite  dust,   applied  3   times   to  a  total 
of   28  1/4  pounds  per   acre,    gave  a  control   of   62  percent    of   the   flies. — 
Brooks  and  Anderson   (48 ) . 

Psyllidae 

Psylla  pvricola  Foerst.,  the  pear  psylla 

Chlordane  emulsion  concentrate  (50-percent),  16  ounces  to  100  gal- 
lons of  water,  was  comparatively  ineffective  in  a  single  test.  On  pear 
trees  in  New  York  the  number  of  nymphs  per  spur  two  days  after  applica- 
tion of  this  spray  was  14.3  as  compared  to  28.2  on  untreated  trees  and 
none  on  trees  treated  with  tetraethyl  pyrophosphate,  4  ounces  plus  2 
ounces  of  spreader  per  100  gallons  of  water. — Hamilton  (201) . 

Chlordane  spray  (l  and  1.5  pounds  per  100  gallons  of  water)  had  an 
initial  efficiency  of  6l.5  and  69.3  percent,  whereas  the  best  material 
tested,  T^arathion,  at  1  1/4  ounces  per  100  gallons  had  an  efficiency  of 
99 »5  percent. — Carlson  and  Newcomer  (65) . 
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HEMIPTERA 
Coreidae 
Anasa  tristis   (Deg.),   the   squash  "bug 

In  a  laboratory  test  a  5-percent  chlordane  dust  caused  100-percent 
knockdown  and  85.7-percent  mortality  of  the  hugs  in  4-8  hours.     A  2.5- 
percent  chlordane  dust  was  almost  as  effective,    causing  95-percent  knock- 
down and  75-percent  mortality  in  the  same   time.      In  a  field-cage  test  5- 
percent  chlordane  caused  80. 6-percent  mortality. — Walton  (483) . 

DDT  was  relatively  ineffective  as  compared  with  chlordane  when 
applied  to   the  adult   squash  "bug  in  the  form  of  aqueous  sprays  as  well  as 
dusts. — Kearns  et  al.    (245). 

Leptocoris  trivittatus   (Say),    the  hoxelder  hug 

A  2-percent  emulsion  spray  of  chlordane  killed  97  percent  of  the 
insects  within  48  hours  and  showed  residual  action. — Munro  and  Post   (33?,) » 

Leptoglossus  gonagra  (F.).   the   citron  plant  hug 

In  Florida  this  hug  was  controlled  hy  30  to  40  pounds  of  a  5-percent 
chlordane  dust  per  acre  or  0.6  pound  of  50-percent  wettahle  chlordane  per 
100  gallons  of  water. — Thompson  and  Griffiths   (454). 


Lygaeidae 

Blissus,  leucopterus   (Say),    the  chinch  hug 

In  tests  made  in  Connecticut  chlordane  gave  the  "best  control, 
followed  hy  DDT-sahadilla  mixture  and  DDT  alone.     Chlordane,  applied  to  an 
infested  lawn  as  a  5  percent  dust  at  the  rate  of  5  pounds  to  each  1,000 
square  feet,   destroyed  "both  adult  and  immature  hugs  in  24  hours  and  its 
residual  action  persisted  for  two  to  three  months  or  longer. — Scliread 
(406.   408). 

See  also  under  "Unidentified  ants". — Kelsheimer    (252) . 

Nysius  ericae   (Schill.),    the  false  chinch  hug 

In  small-scale  tests  5  percent  chlordane  dust  gave  100  percent  kill 
in  48  hours. — Smith  (425). 

Oncooeltus  fasciatus   (Dall.),    the  large  milkweed  hug 

Adults  in  hattery  jars  were  exposed  to  chlordane  vapor.     At   the  end 
of  one  day  the  mortality  was  66.6  percent  and  at   the  end  of  two  days   it 
was  100  percent. — Dustan  et,  al.    (121 ) . 

See  under  Blattella  germanica. — Srown,   Wenner,   and  Park   (53) . 
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Miridae 

Adelophocoris  lineolatus  (Goeze),  the  alfalfa  plant  bug 

A.  raoidus  (Say),  the  rapid  plant  bug 

Chlordane  wettable  powder  and  emulsion  at  1  pound  of  toxicant  per 
acre  cave  very  good  control  of  these  insects  in  alfalfa  in  Wisconsin.   In 
tests  of  spraying  equipment  very  good  control  of  forage  insects  was  ob- 
tained at  30  to  40  pound  pressures  and  15  to  30  gallons  per  acre.   The 
method  of  application  appears  to  be  secondary  to  dosage  per  acre  of  the 
toxicant. — Medler  and  Chamberlin  (320) . 

Dicyphus  minimus  Uhl,  the  suckfly 

A  5-?srcent  chlordane  talc  dust  was  effective  against  suckfly 
tomato  in  the  lower  Rio  Grande  Valley  in  1949.  Nine  days  after  lusting 
the  number  of  suckflies  in  20  net  sweeps  was  reduced  from  601.7  on  un- 
treated plants  to  7  on  plants  treated  with  the  chlordane  dust. — wene  (494) . 

Lygus  ellsus  Van  Duzee 

In  tests  made  on  alfalfa  plots  in  Arizona  in  1947  and  1948  one 
pound  of  chlordane  was  almost  as  effective  as  1.25  pounds  of  DDT.   The 
average  Lygus  reductions  were  91  percent  with  chlordane  and  92  percent 
with  DDT.  Dusts,  emulsions,  and  suspensions  of  chlordane  were  equally 
effective.— Russell  (4Ql). 

Lygus  hesperus  Knight 

A  5-percent  chlordane  dust  was  less  effective  than  a  0.5  percent 
parathion  dust. — Smith  (42^) . 

Same  as  for  Lygus  elisus. — Russell  (401) . 

Lygus  obi ineatus  ( Say ) ,  the  tarnished  plant  bug 

Chlordane  showed  some  promise  against  tarnished  plant  bug. — Biahopp 
Q2);  Gould  (186). 

In  cage  tests  at  Tallulah,  Louisiana  a  20-percent  chlordane  dust 
killed  60  percent  of  these  bugs  in  one  test  and  66   percent  in  another 
test.  The  highest  chlordane  mortalities  were  caused  by  a  dust  containing 
10  percent  chlordane  plus  2.5  percent  parathion  (93  percent  kill)  and  by 
a  mixture  of  10  percent  chlordane  plus  5  percent  DDT  (34  percent  kill). — 
Scales  and  Smith  (403). 

In  laboratory  tests  a  dust  containing  1  percent  chlordane  killed 
95 »3  percent  of  the  adults  in  2  days,  whereas  a  dust  containing  3  percc 
1  grade  DDT  killed  only  54  percent. — Sun  e_t  al.  (4$Q) . 

Chlordane  did  not  give  as  good  results  as  DDT  and  EHC,  although  a 
combination  of  this  material  with  DDT  showed  promise. — Pederson  ( :o0) . 


-la- 
in  fields  lightly  infested  with  tarnished  plant  hugs  chlordane,  1 
pound  per  100  gallons  per  acre,  increased  the  yield  of  ladino  clover  seed 
14  percent  and  DDT  spray,  1  pound  per  acre,  increased  the  yield  22  per- 
cent.— Medler  and  Chamberlin  Q20,  321 ). 

In  tests  in  Indiana  in  1948  chlordane  completely  controlled  the  in- 
sects (tarnished  plant  hug  and  stink  hug)  causing  catfacing  of  peaches. 
Sod  areas  around  the  orchard  were  sprayed  and  it  was  found  to  kill  re- 
markahly  well  for  a  period  of  two  weeks  or  longer. — Marshall  (315.  3l6). 

Same  as  for  Lvgus  elisus. — Russell  (401 ) 

Lygus,  spp. 

Chlordane   showed  some  promise  against  Lygus  hugs  on  alfalfa  and 
sugar  "beets. — Bishopp  (32) . 

Amhlytylus  nastus   (Kirschbaum) 

Miris  dolahratus   (L . ) ,   the  meadow  plant  hug 

A  5-percent  chlordane  killed  96  percent  of  the  former  and  88  percent 
of  the  latter   on  Kentucky  hluegrass. — Ky.  Agr .  Expt.  Sta.   (258). 

Psallus  seriatus   (Reut.),   the  cotton  fleahopper 

In  lahoratory  and  cage  tests  at  Waco,   Texas  during  1946  5-percent 
chlordane  was  very  toxic  to  cotton  fleahopper  adults  and  nymphs,  hut  a 
1-percent  dust  was  much  less  effective  than  the  same  concentration  of  DDT 
or  toxaphene.     Neither  of  these  concentrations  was  as  effective  as  a  dust 
formulation  of  henzene  hexachloride  containing  0.575  percent  of  the  gamma 
isomer. — Ivy  and  Ewing  (237) . 

In  Texas  during  1947  a  5-percent   chlordane  dust,    applied  once  at   the 
rate  of  12  pounds  per  acre,  was  effective   (83.4  percent   control). — 
Gaines  and  Dean  (l64) . 


Pentatomidae 

Euschistus  servus  (Say) 

Same  as  for  Nezara  viridula. — Riherd  ( 391 ) . 

Euschistus  spp. 

In  tests  to  control  the  catfacing  of  peaches  in  Virginia  in  1948 
chlordane  spray,  containing  2.5  pounds  of  40-percent  wettahle  powder 
per  100  gallons  of  water,  gave  some  control,  hut  was  inferior  to  DDT 
and  sahadilla. — Woodside  (.£L2) . 

Murgantia  histrionica  (Hahn),  the  harlequin  bug 

Lahoratory  tests  on  adult  hugs  indicated  that  the  median  lethal  dose 
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of  a  10-percent   chlordane  dust  was  5*1   pounds  per   acre.      Chlordane   and 
toxaphene  were  more  toxic   than  DDT  or    sabadilla  as  10-percent  dusts.      In 
cage"  tests  a  10-percent   chlordane  dust   caused  3^.5  percent   mortality  5 
days  after   application. — Gaines  and  Dean   (l65). 

Nezara  vlrldula   (L.),    the    southern  green  stinkbug,    the  pumpkin  bug 

In  laboratory  and  cage   tests  at  Waco,    Texas   chlordane  gave  promising 
results.     A   20-percent   chlordane  dust  was  less  effective   than  toxaphene 
against  adults  and  nymphs. — Ivy  and  Ewing   (237). 

Five  percent    chlordane  dust  was  effective. — Kelsheimer    (2^3.    252) . 

A  dust   containing  10  percent  toxaphene  -  5  percent   chlordane  -  35 
percent  pyrophyllite  was  highly  effective   in  controlling  these   stinkbugs 
on  soring  planted  cowpeas  on  the  Texas  Gulf  coast. — Eiherd   (,^2i)  • 

Unidentified  pentatomidae 

Chlordane  gave  no   control   of  catfacing  in  Illinois  peach  orchards   in 
19^-7  when  applied  five  or  more   times  beginning  with  the    shuck  split    stage. 
It  was  used  at  the  rate   of  1  pint  of  6l  percent   concentrated  emulsion 
per  100  gallons  of  water. — Chandler    (72) . 

Tingidae 

Cprythucha  cydpniae  (Fitch),  the  hawthorn  lace  bug 

Chlordane  spray  made  by  diluting  a  mixture  of  1  part  of  chlordane, 
1  part  Triton  X-100,  and  2  parts  xylene  with  water  to  a  content  of  0.12 
percent  chlordane  was  effective  in  controlling  this  lace  bug  on  Pyracantha 
shrubs.  A  DDT  spray  of  the  same  strength  was  slightly  more  effective. — 
Walton  (U83). 


COLEOPTZRA 

Carabidae 

Agpnoderus  comma  (F.) 

A  5-percent   chlordane  dust,   applied  lightly   to   the   soil    surface, 
killed  100  percent   of   these  beetles   in  the    soil  after   120  hours.      Corn 
seec  treated  with  chlordane  dust  at   the  rate   of  2   to  3   ounces  per   bushel 
was   completely  protected  against  beetle  attack. — Johnson   (2-^-3) . 

Unidentified   species 

Same  as   for  Ijypera  postica. — Severin   (k\k  ) . 

Chrysomelidae 
Acalymma  vittata   (F.),    the    striped   cucumber   beetle 
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Diabrotica  undecimpunctata  howardj  Barber,    the  southern  corn  rootworm, 

the  spotted  cucumber  "beetle 

In  laboratory  tests  on  the   spotted  cucumber  beetle  5-percent   chlor- 
dane  dust   caused  100  percent   knockdown  in  1   hour   and  100  percent  mortal- 
ity in  7.5  hours.      In  field  plot  tests  on  sugar  pumpkins   infested  with 
both  species  5-percent  chlordane  dust  gave  94.8  percent  control. — Walton 

am). 

In  laboratory  tests  a  dust  containing  0.5  percent  of  chlordane 
killed  100  percent  of  adult  spotted  cucumber  beetles  in  4  days.   In 
greenhouse  tests  a  3  percent  chlordane  dust  killed  75  percent  of  the 
beetles  in  2  days  and  97.7  percent  in  4  days. — Sun  e_t  al.  (45p_) . 

In  Indiana  in  1946  chlordane  gave  a  fair  kill  of  spotted  cucumber 
beetles.— Gould  (186) . 

In  tests  made  in  Wisconsin  in  1946  HETP,  BHC,  and  chlordane  showed 
effectiveness  ranging  between  that  of  10-percent  sabadilla  and  1.25  per- 
cent DDT.— Wis.  Univ.  (504). 

A  spray  containing  0.1  percent  of  chlordane  made  by  diluting  a  con- 
centrated emulsion  was  about  as  effective  as  a  4-percent  DDT  emulsion 
spray  and  somewhat  less  effective  than  a  0.1  percent  benzene  hexachloride 
emulsion  spray  in  preventing  injury  to  peanut  pods  at  Beltsville,  Mary- 
land in  1947.— DobMns  and  Fronk  (108). 

Chlordane  at  4  pounds  per  acre  was  the  best  insecticide  tried,  re- 
ducing the  percentage  of  plants  damaged  from  33  in  the  check  to  2.5. — 
Kulash  (277). 

Three  applications  to  peanut  foliage  of  emulsions  containing  chlor- 
dane, at  the  rate  of  approximately  0.38  pound  of  the  active  ingredient 
per  acre-application,  gave  significant  control  at  Beltsville,  Maryland, 
where  the  infestation  was  less  severe  than  in  southeastern  Virginia . 
Seven  applications  of  certain  formulations  were  made  to  the  foliage  on 
small  plots  of  peanuts  at  Holland,  Virginia  during  the  period  June  19 
to  August  23  in  order  to  obtain  maximum  control.  The  following  formula- 
tions gave  significant  control:  5  and  10  percent  chlordane  dusts,  and 
0.5  and  1  percent  of  chlordane  in  emulsion  form. — Fronk  and  Dobbins  (159) . 

Chlordane,  5  pounds  per  acre,  was  mixed  with  4-i2-4  fertilizer. 
Twenty-four  days  after  planting  6  percent  of  the  plants  in  the  chlordane 
plots  were  destroyed  by  the  rootworm.  Plants  in  the  chlordane  plot  were 
much  larger  and  greener  from  the  time  of  emergence  until  the  plants  were 
waist  high.  The  average  yield  of  corn  from  this  treatment  was  chlordane, 
77  bushels  per  acre;  fertilizer  alone,  58  bushels  per  acre;  and  check,  49 
bushels  per  acre. — Floyd  and  Smith  (l47.  149 ). 

Epitrix  cucumeris  (Harr.),  the  potato  flea  beetle 

In  field  tests  chlordane  emulsion  (20  g.  in  100  ml.)  diluted  1  to 
500  gave  a  control  of  90.2  percent  in  3  days. — Sun  e_t  al.  (450). 
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A  50-percent   chlordane  wetta"ble   powder    (l/4  pound  toxicant  per  100 
gallons   of  water)   was  less   effective    than  a  micronized  DDT  vettable  powder 
(l/3  pound  toxicant  per   100  gallons   of  water)    in  reducing  flea  "beetle 
damage   on  potatoes.      Chlordane  produced   significantly  "better  yields   than 
DDT   in  a  field  trial.— Turner   and  Woodruff    (462.    463) . 

Ep_itrix  hjrtipennis    (Melsh.),    the   tobacco  flea  "beetle 

A   spray   containing  1  pound  of  chlordane   as  a  50-percent  wettable 
powder   and   3  pounds   of  Fermate   in  100  gallons  of  water   gave   S6  percent  un- 
injured plants   in   tobacco  plant  beds  as   compared  to  17  percent   in  the 
check  and  99  percent   in  the  "bed  treated  with  DDT   spray.     The  chlordane 
did  not   injure  the  plants.      On  newly   set    tobacco   this   chlordane   spray  gave 
65     percent   reduction  of  the   flea  beetle  population  as   compared  to   98  per- 
cent reduction  effected  by  a  DDT   spray.     All   materials  were  applied   in  the 
plant  bed  a  few  hours  before   the  plants  were  pulled  for    transplanting. — 
Dominick   (110) . 

Leptjnotarsa  decern! ineata   (Say) ,   the  Colorado  potato  beetle 

Chlordane  at  2  pints  per  100  gallons  of  water   (0.24  percent)   killed 
91.7  percent    of  the  larvae  1   day  after   treatment.      Chlordane-DDT  emulsion 
(25  percent  by  weight   of   each)   at  2  pints  per  100  galloni  of  water    (0.03125 
percent  of  each)    killed  92.1  percent   of   the  larvae  1  day  after   treatment. 
The  results  obtained  with  chlordane  were  not   significantly  different   from 
the  kills  obtained  with  DDT  alone. — Kulash   (270). 

In  laboratory   tests  a  1-percent   chlordane   dust   killed  78.3  percent 
of  the  adults  and  14.7  percent  of  last  instar  larvae  in  4  days.     In  green- 
house tests  a  1-percent   chlordane  dust  killed  91.7  percent  of  the  adults 
and  100  percent   of  last   instar  larvae  in  2  days.      In  field  tests  a  1-per- 
cent chlordane  dust  killed  88.4  percent   of   the  adults  and  100  percent   of 
3rd  and  4th  insta*  larvae   in  2  days. — Sun  e_t  al.    (450) . 

In  laboratory   tests   chlordane   proved  only  10  to  15  percent   as   effec- 
tive as   the  gamma  isomer   of  benzene  hexachloride  when  tested  on  larvae. 
The    insecticides  were  applied  as  dusts  and  sprays  and  the  mortality  deter- 
mined after   4  days. — Raucourt    (3.84) ;   Raucourt   and  Viel    Q85)  • 

Aqueous    sprays  of   chlordane  and  DDT  applied   to  potato   foliage  and 
later    infested  with  third  and  fourth  instar   larvae   of   the  Colorado  potato 
beetle   showed   chlordane  -to  be  more   toxic   than  DDT  to   this   insect. — Kearns 
et  al.    (245). 

Chlordane  proved  better   than  calcium  arsenate   and  almost  as  good  as 
DDT   in  Ontario   in  1948.      These   three   insecticides  were   more   effective 
when  used  alone   than  when  mixed  with  fungicides. — Doyle  and   Duncan   (113) . 

Phyllotretfl   striolata   (F.)f    the   striped  flea  beetle 

In  greenhouse   tests  a  1-percent   chlordane   dust   killed  100  percent  of 
adult  beetles   in  1   day.      In  field  tests  a  1-percent   chlordane  dust   killed 
97*3   percent    in  3  days  and   a  dust   containing  1-percent   chlordane  plus   0.25 
percent  rotenone   killed  100  percent. — Sun  e_t   aj...    (450) . 
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Coccinellidae 

E-pilachna  varivestls.  Muls.,    the  Mexican  "bean  "beetle 

Dusts  containing  2  or  3  percent  of  chlordane  applied  to  lima  "beans 
permitted  slight  foliage   injury  "by  the  Mexican  "bean  "beetle.      Sprays  contain- 
ing 1  or  2  pounds  of  50-percent  wettable  chlordane  per  100  gallons  of  water 
gave  similar  results. — Huckett   (229) . 

A  5-percent  chlordane-pyrophyllite  dust  at  32  pounds  per  acre   (3  appli- 
cations) gave  42  percent  control   of  the  larvae  in  tests  made  at  Norfolk, 
Virginia  in  1947.-— Br  anno  n  (i£) . 

Dust  mixtures  containing  various  concentrations  and  proportions  of 
chlordane  and  rotenone  were  tested  on  larvae  of  the  Mexican  "bean  "beetle. 
According  to  the  loose  definition  of   synergism,   the  addition  of  chlordane 
to  rotenone  produced  a  synergistic  action. — Sun  (445.) . 

In  laboratory  tests  a  5-percent  chlordane  dust  killed  only  5  percent 
of  the  adults   in  4  days  and  a  2-percent  chlordane  killed  84  percent  of 
third  instar  larvae  in  the   same  time.      In  greenhouse  tests  2-percent  chlor- 
dane dust  killed  95  percent  of  third  instar  larvae  in  4  days.     In  field 
tests  a  3-psrcent  chlordane  dust  killed  51  »1  percent  of  third  and  fourth 
instar  larvae  after  3  days. — Sun  et  al.    (450). 

Unidentified  lady  "bird  "beetles 

Same  as  for  Hvnera  -postica. — Severin  (4l4) . 

Chlordane  was   the  least  destructive  of  the  chlorinated  materials  to 
four  species  of  lady  "beetles. — Newsom  et,  al.    (349) . 

Cucujidae 

Orvgaephilus  surinamensis  (L.),  the  saw-toothed  grain  "beetle 

A  5-percent  chlordane  talc  dust  acted  slowly  on  the  adults. — Moretti 
(332). 

Curculionidae 

Anthpnomus  grandis  Boh.,   the  "boll  weevil 

Many  tests  of  chlordane  for  boll  weevil  control  have  "been  reported: 
in  Alabama  by  Arant    (20);    in  Louisiana  by  Gaines  and  Scales    (170) t   Newsom 
e£  £l*    (-&Z,  250),   and  Scales  and  Smith   (40j);    in  North  Carolina  by  Kulash 
(271.   272 ,   275).  and  the  North  Carolina  Agricultural  Experiment  Station 
(152);    in  Oklahoma  by  Stiles  and  Fenton  (439) .  and  Brett  and  Bhoades   (46): 
in  South  Carolina  by  Bondy   (4]J ,  life  et  al.    (138)  T  Rainwater   (383).   and 
Walker  ejb  aj„.    (i+82 ) ;   and  in  Texas  by  Ivy  and  Ewing  (2J2) ,  and  Gaines  and 
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Dean   (l64.   l6?.    l63) .      In  several   states  dusts   containing  10  percent   chlor- 
dane  gave  boll   weevil   control   equal   to   that   given  by  calcium  arsenate,    pre- 
vented build-up  of  aohids,    and  killed  sone  weevils  developing  in  fallen 
squares.      In  other   cases  very  erratic   results  have   been   obtained.      Con- 
flicting results  were   obtained  regarding  the  practical  benefits  of  killing 
weevils   in  squares  and  bolls. — U.   S.  Bur.   Ent.   and  Plant  ^uar .    (466.    467.) « 

In  South  Carolina  a  dust   containing  10  percent  of    chlordane  and   5  per- 
cent  of  DDT,   applied  at  the  average  rate   of   10  pounds  per  acre  -  application 
has  been  recommended  by  the    state  agricultural   experiment    station  for   the 
control   of   the  boll  weevil  and  other   insects  on  cotton. — S.    C.  Agr.   Exot. 
Sta.    (431). 

Reports   from  county  agents   in  South  Carolina  on  the  value  of   chlordane, 
BHC-chlordane ,   and   toxaphene-chlordane   for   cotton  insect   control   have  been 
summarized  by   Sparks    ( 432 ) . 

Anthonomus   signatus  Say,    the   strawberry  weevil 

A  5-percent   chlordane  dust   reduced  injury  85. 5  percent. — Christ  and 
Driggers   (22)  • 

A  5-percent   chlordane   dust   gave  excellent   control   of  this  weevil   on 
strawberries   in  Kentucky  and  doubled   the  yield. — £y.  Agr*   Expt.    Sta.    ( 2 58 ) : 
Ritcher   (395)  . 

In  New  Brunswick,    Canada,  chlordane  proved  less  effective   than  DDT. — 
Maxwell    (211)  • 

Brachyrhinus  11/^usticl   (L.),    the  alfalfa  snout  beetle 

In  several   field  trials   chlordane   appeared  promising  for  alfalfa 
snout  beetle   control  and  proved   superior  to   the   standard  peanut    shell  bait. — 
Gyrisco  fit   al.    (200 ) . 

Brachyrhinus   ovatus    (L.),    the   strawberry  root  weevil 

A  5-percent   chlordane   dust,    applied  at   the  rate   of  10  pounds  toxicant 
per   acre   to   a  block  of  12-15  yeal   old  hemlock  trees,    killed  all  weevils 
within  3  weeks. — Schread    (4-11 ) . 

Ceutorhyncus  assimilis    (Payk.),    the   cabbage   seedpod  weevil 

In  Washington  a  chlordane  dust  was   inferior   to   a  0.5-percent   benzene 
hexachloride   dust. — Eide    (132) . 

Chalcodermus   aeneus  Boh.,    the   cowpea  curculio 

In  Texas   two  applications  of  a  5-percent    c^ilordane   dust  reduced  the 
percentage   of    infested  pods   on  Black  Eye   peas   from  15»3    (untreated)    to   4.0, 
and   three  applications  reduced   the   infestation  to   2.0  percent. — Wane    (492) . 
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A  5-percent  chlordane  at  25  to  30  pounds  per  acre,  applied  3  times 
permitted  2  percent  of  Black  HSye  pea  pods  to  "be  infested  as  compared  to 
15.6  percent  in  the  check.— Wene  (422). 

Conotrachelus  nenuphar  (Host.),  the  plum  curculio 

Chlordane  in  the  form  of  wettable  powder,  emulsion,  and  dust  has  "been 
tested  for  the  control  of  the  plum  curculio  in  Georgia  by  Snapp  (428,  429). 
and  Savage  and  Cowart  (402);  in  Illinois  by  Powell  et  al.  (372.  222), 
Chandler  (70-75).  and  Weinman  (487):  in  Indiana  by  Marshall  (315-317).  and 
Purdue  Univ.  (376.  378):  in  Kentucky  by  Ritcher  and  Armstrong  (397.  257): 
in  New  Jersey  by  Driggers  and  Darley  (114):  in  New  York  by  Dean  (lOO).  and 
Dewey  and  Van  Geluwe  (102) ;  in  Pennsylvania  by  Cox  (85j ;  and  in  Virginia 
by  Bobb  Q8) ,  Bobb  and  Grayson  (40) ,  and  Hough  (226) . 

In  general  these  tests  have  yielded  promising  results  when  1  pound  of 
chlordane  per  100  gallons  of  water  was  applied.   Chlordane  appears  super- 
ior to  lead  arsenate,  but  inferior  to  benzene  hexachloride.  Damage  to 
peach  foliage  and  fruit  in  Virginia  by  the  application  of  a  40-percent 
chlordane  wettable  powder  has  been  reported  by  Hough  (226),  but  other 
workers  report  no  injury. 

In  Ohio  in  1949  cage  tests  involving  a  study  of  the  speed  of  knockdown, 
lethal  action,  and  residual  toxicity  of  13  organic  insecticides  to  plum 
curculio  were  conducted.  Treated  peach  foliage  was  exposed  to  adult  cur- 
culios  at  aging  intervals  of  0,  5,  and  10  days  under  insectary  conditions 
and  at  10  days  under  orchard  conditions.   The  insecticides  may  be  arranged 
in  order  of  their  decreasing  speed  of  knockdown  as  follows:  parathion, 
ethyl  o-nitrophenyl  thionobenzene  phosphonate,  ethyl  p.-nitrophenyl  thiono- 
benzenephosrshonate,  tetraethyl  pyrophosphate,  aldrin,  heptachlor,  chlordane, 
dieldrin,  toxaphene,  2-nitro-l,l,bis(p-chlorophenyl)  benzene,  technical 
benzene  hexachloride,  refined  benzene  hexachloride,  and  DDT. — Rings  (393,)  * 

Cylas  formicarius  elegantulus  (Sum.),  the  sweetpotato  weevil 

In  the  form  of  bait  (40  parts  ground  sweetpotato  to  1  part  insecticide) 
chlordane  formulations  (48-percent  emulsion,  50-percent  powder  and  undiluted) 
gave  7  day  mortalities  of  88,  90,  and  76  percent.  Applied  as  a  dust  2-per- 
cent chlordane  caused  97  percent  and  25  percent  chlordane  caused  100  percent 
mortality  but  also  caused  some  foliage  injury  when  applied  to  plants  in  the 
greenhouse. — Harrison  (206) . 

Tests  made  in  Louisiana  in  1948  showed  that  calcium  arsenate  applied 
weekly  reduced  the  infestation  of  potatoes  by  the  sweetpotato  weevil  to  1.6 
percent;  chlordane  applied  in  the  soil  at  planting  time  at  the  rate  of  5 
pounds  per  acre  reduced  the  infestation  to  1  percent;  and  chlordane  in  the 
soil  followed  by  the  calcium  arsenate  treatments  at  weekly  intervals  reduced 
the  infestation  to  0.2  percent.  The  potatoes  in  untreated  plots  averaged 
approximately  10  percent  infestation.  Chlordane  did  not  adversely  affect 
the  flavor  of  the  sweet  potatoes. — Floyd  and  Smith  (l45_) . 

Hypera  postica  (Gyll),  the  alfalfa  weevil 

Adult  alfalfa  weevils  were  killed  by  chlordejie  (3/4  or  1  pound  per 
acre)  applied  for  the  control  of  grasshoppers. — Severin  (414) . 


-  48  - 


Chlordane    spray    (an  an  emulsion  concentrate)   at   the  rate  of  2  pounds 
of  toxicant  per   acre  caused  k$  ^>ercent   mortality   in  2k  hours,   59  ~<>rcent 
in  kQ  hours   and  100  percent    in  1^4-  days.      In   the  plot   treated  with  chlordane 
no  retardation   in  the  new  growth  or  vigor  was  noted. — Eastings  and  Peur>er 
(205). 

Protostronhus   sp.,    ground  weevils 

Laboratory   tests   showed  that  5-percent    chlordane   dust  at   the  rate   of 
0.11  mg./sq.    cm.    (10  pounds  per  acre)    caused  ltSO  percent    mortality   in  ?2 
hours. — Petty    (3q3.) . 

Pseudocneorhinus  bifasciatus  Hoelofs,    a  Japanese  weevil 

Preliminary   tests   indicated  that   chlordane  was  likely   to  prove   more 
effective   than  3HC,   DDT,    or   arsenate   of  lead  in  controlling  this  weevil 
feeding  on  privet. — Allen   (13) . 

Sitcna  scissifrons  Say    « 

In  North  Dakota  in  19^7  2-percent    chlordane  dust   proved   inferior   to  5- 
percent  DDT  dust   in  controlling  this  weevil   on  peas. — Post  et_  al.    (371)  . 

Sitophilus  granarius   (L.),    the  granary  weevil 

In  laboratory   tests   in  which  the    insecticide  was  dissolved  in  oil   and 
this   solution  allowed  to    spread  on  filter  paper  and  age  2k  hours  "before 
placing  the  weevils   on  it,    chlordane   proved  less  toxic   than  DDT.      The   rela- 
tive potencies  of   chlordane  with  respect   to  DDT  at  95,   50,   and  25  percent 
kill  are  0.19,   0.50,  and  0.7**-. — Stringer    (kkk) . 

The   adults   of  this  weevil  proved   suitable   as  test    insects  for   the 
"bioassay  of   the   content   of   chlordane   in  ^reparations  of   this    toxicant.      The 
method  consists   of  exposing  the   weevils   to  deposits  of   the  preparation  and 
of  the  pure   insecticide   that   it   contains  and  comparing  the  median  lethal 
deposits. — Krijgsman  and  Berger    (26S) . 

See  under  Musca  domestica. — Brown  e_t   r^l .    (^2_) . 

Trichobaris   mucorea   (Lee),    the    tobacco   stalk  borer 

A  5-percent   chlordane   dust   was  more  effective  than  a  10-vercent  DDT 
dust   in  -oreventing  egg  laying  3  weeks  after    the   last   application.     A   chlor- 
dane   spray    (2  pounds  of  50-percent  wet table  powder  per  100  gallons  of 
ber)   war,  less  effective   than  EHC,    but  more   effective   than  DDT  and   toxa- 
phene   in  preventing  egg  laying.      Chlordane  was   slower   than  BHC  in  killing 
the  beetles  caged  with  freshly   sprayed  foliage. — V'oodside    (ill.). 

Ty I oderma  f  r .- , -nx iae    (kiley),    the    strawberry   crown  borer 

Five  percent   chlordane  dust   killed  100  percent   of  the  adults   in  labora- 
tory  tests  and   gave   excellent  res-alts   in  field   trials. — Kitcher   (396) . 
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Dasytidae 

Astylus  atromaculatus  Bl.,  the  Astylus  "beetle 

In  laboratory  tests  5-percent  chlordane  dust  killed  all  "beetles  In  72 
hours  when  applied  at  the  rate  of  0.11  mg./sq.  cm,  (10  pounds  per  acre). — 
Petty  (363). 

Dermestidae 

Attagenus  piceus  (Oliv.),  the  "black  carpet  "beetle 

Woolen  cloths  impregnated  with  six  chlorinated  hydrocarbon  insecticides 
at  concentrations  ranging  from  0.5  to  3  percent  by  weight  of  cloth  were  ex- 
posed to  larvae  of  the  black  carpet  beetle  for  28  days.  The  following 
mortalities  were  obtained:   chlordane  75  to  100  percent;  benzene  hexachloride 
(6  percent  gamma)  0  to  100  percent;  toxaphene  25  to  52  percent;  DDT  15  to  4? 
percent;  TDE  3  to  14  percent;  and  methoxychlor  1  to  6  percent.  According  to 
the  visual  damage  and  frass  weight  noted  during  these  tests,  the  greatest 
protection  to  woolen  cloth  was  obtained  with  DDT,  TDE,  chlordane,  methoxy- 
chlor, toxaphene,  and  benzene  hexachloride  in  the  order  named.  Washing  and 
dry  cleaning  seriously  affected  the  toxicity  and  the  protective  value  of  all 
the  treated  cloths,  with  the  exception  of  those  treated  with  DDT,  which  re- 
sisted one  washing  at  all  concentrations. — Laudani  and  Marzke  (285) . 

Elateridae 

Aeolus  spp. ,  wireworms 

The  results  from  one  experiment  made  in  Louisiana  in  1947  indicate  that 
most  of  the  wireworm  injury  to  fall-planted  cane  may  be  prevented  by  apply- 
ing 400  pounds  of  dust  containing  1  percent  of  chlordane  per  acre  in  the 
furrow  with  the  seed  cane  at  the  time  it  is  planted. — Bynum  et  al.  (63) . 

Agriotes  mancus  (Say),  the  wheat  wireworms 

Chlordane  gave  good  control  at  2  to  4  pounds  per  acre  where  wireworm 
infestations  were  light  but  under  heavy  infestations  4  to  8  pounds  were 
required. — Rawlins  et  ajl  .  (386) . 

Seed  corn  was  treated  with  chlordane  at  the  rates  of  4  and  8  ounces 
of  50-percent  dust  per  bushel.  This  treatment  did  not  affect  the  germina- 
tion, but  proved  ineffective  against  wireworms  in  both  laboratory  and  field 
tests.  Both  field  plots  were  severely  injured. — Dogger  and  Lilly  ( 1,0,9.) . 


Conoderus  vesper tinus  (E.),  the  tobacco  wirewor 


m 


Chlordane  was  mixed  with  screened  soil,  broadcast  on  the  plots,  and 
disked  into  the  soil  3  weeks  before  the  tobacco  plants  were  set  out.  Where 
chlordane  at  2.5  pounds  per  acre  was  used,  55*7   percent  fewer  plants  were 
injured  than  in  the  untreated  plots;  at  3«5  pounds  per  acre  70.5  percent 
fewer  plants  were  injured.  BHC  was  more  effective. — Ky.  Agr .  Expt.  Sta. 
(218)/ 
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VThere  damage   from  this   insect   is   expected,   add  chlordane   to   trans- 
planting water  at    the  rate   of  1/2  pound  of  50-percent  wettable   chlordane 
powder   to  each  50  gallons  of  water.     Use  liberal   amounts   of  water  as  as   to 
wet   the   soil   all  the  way   to  the   top  of  the  ridge  around  plants. — Settles 
and  Lewis   (3W:    Kulash   (2?6). 

Conoderus   spp. 

Sane  as   for  Ae_ol_u§  spp. — Bynum  e_t   a^,.    (63) . 
Dalot)iu3   pallidus  3rown 

Sane  as   for  Agxiotes  inancus. — Dogger  and  Lilly    (109,) . 
Drasterl.us  iqellillus   (Say) 

Sane   as  for  Agriotes  jnaacJlSj  — -Dogger   and  Lilly   (109). 

Horistonotus  uhlerli  Horn. ,    the   sand  wireworm 

Chlordane,  2.5  pounds  per  acre,  proved  highly  effective  in  the  control 
of  the   sand  wireworm  in  large  plot  tests  in  19*^8  in  Louisiana. — Floyd   (1^3) . 

Chlordane  nay  "be  mixed  and  applied  with  fertilizer  or  sand  in  the  row 
at  slanting  time  or  broadcast  over  the  field  in  the  fall. — Floyd  and  Snith 
(143). 

Limoniua  ectypus   (Say) 

In  Ontario  in  19^7  chlordane  at  0.25  pound  per  acre  was   inferior   to 
the   sane  dosage  of  BHC.      Chlordane  was  not  promising  in  protectingt  potatoes 
hut  gave  an  increased  yield  of   corn. — Arraand    (2J+) . 

A  ijO-percent  chlordane  wettahle  powder  at  2  pounds  per  100  pounds  of 
sugar   beet   seeds   caused  2/3   of   the  larvae  to  "be  moribund  and  1/3  dead   in 
6  weeks.      In  another  test  1  percent  of  50-percent  chlordane  wettable  powder 
(based  on  weight   of   sugar  beet    seed)   gave  poor    control.     Of  all   chemicals 
tested  lindane  was   the  most  promising. — Lange  at  a^.    (282.) . 

Limonius  mancus    (Say) 

Same   as   for  A/riotes  mancus. — Rawlins  §t_  al.    (386) . 
Helanotus   communis  Gyll.t    the  corn  wireworm 

Same  as  for  Aftrlotee  mancus. — Dogger  and  Lilly    (109) . 
Melanotus   spp. 

Same  as   for  Aeolus   spp. — Bynum  e_t   ai,.    (63) . 


-  51  - 


Unidentified  wireworms 

Chlordane  was  tested  against  wireworms  in  lima  bean  fields  in  Orange 
County,  California.  It  was  applied  April  20,  19^7.  at  the  rate  of  10  pounds 
per  acre  and  the  beans  were  planted  10  days  later.   In  August  all  treated 
plots  were  better  looking  than  the  untreated  plots.  Ethylene  dibromide 
gave  the  best  control  against  wireworms  and  nematodes  of  all  materials 
tested  (DDT,  benzene  hexachloride,  chlordane,  and  ethylene  dibromide).— 
Crosby  (82). 

In  preliminary  tests  in  California  chlordane  proved  effective  for  the 
control  of  wireworms  when  used  at  the  rate  of  10  pounds  of  technical  grade 
chlordane  in  20  gallons  of  solvent  (such  as  benzene)  per  acre.  The  material 
was  drilled  into  the  soil  to  a  depth  of  6  inches  using  12  inch  spacings  in 
the  same  manner  as  ethylene  dibromide. — Lange  ( 2§i)  • 

In  Connecticut  in  19^7  chlordane  applied  as  a  wettable  powder  by  the 
conventional  potato  sprayer  resulted  in  excellent  tobacco  stands  at  5  and 
2  1/2  pounds  per  acre  even  in  cases  in  which  more  than  half  of  the  plants 
in  comparable  control  plots  were  down.  There  was  no  off-taste  or  impaired 
burning  quality  of  cured  tobacco  leaves  secured  from  these  plots.  Chlor- 
dane produced  an  off-flavor  in  potatoes  but  to  a  much  milder  degree  than 
BHC. — Greenwood  (195):  Turner  (k6l), 

Chlordane  was  inferior  to  parathion  and  benzene  hexachloride  in  con- 
trolling vireworms  attacking  newly  planted  sugarcane  in  Florida.  When 
chlordane  was  mixed  with  fertilizer  and  applied  immediately,  good  control 
was  obtained.  —Hayslip  (210.  211). 

Chlordane  offers  some  promise  in  wireworm  confc*ol.  Apply  as  a  dilute 
dust  to  the  soil  surface  and  then  disc  or  harrow  into  the  top  four  to  six 
inches  of  the  soil.  Five  pounds  of  chlordane  is  the  usual  dosage. — 
Kulash  (276) . 

Meloidae 

Decapotoma  lunata  Pall.,  C.M.E.  beetles 

In  laboratory  tests  5-percent  chlordane  dust  killed  all  beetles  in 
Zhe  hours  when  applied  at  the  rate  of  0.22  mg./sqL.  cm.  (20  pounds  per 
acre). —Petty  (363). 

Eoicauta  pennsylvanica  (Deg.),  the  black  blister  beetle 

In  Indiana  in  1946  chlordane  proved  ineffective  against  the  black 
blister  beetle .  —Could  (186)  . 
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Scarabaeidae 

Amnhimallon  na .jails  (Eaz.),  the  European  chafe? 

A  mixture  containing  15  percent  of  chlordane,  82.5  percent  cf  ethylene 
dichloride  and  2.5  percent  "Tween  20"  diluted  with  water,  5  to  20  ml.  per 
gallon  per  square  yard  of  soil,  gave  from  12.2  to  21.9  percent  control  of 
third-instar  larvae  of  the  European  chafer  three  weeks  after  treatment  of 
the  soil  plots. — Gambrell  and  Mason  (171) . 

Anomala  oriental  is  '.faterh.,  the  oriental  "beetle 

Autoserica  castanea  (Arrow) ,  the  Asiatic  garden  "beetle 

Practical  control  of  the  oriental  beetle  was  obtained  with  chlordane 
at  5»^  and  10.8  pounds  to  the  acre  and  a  mixture  of  DDT  at  13  pounds,  an 
chlordane  at  5»^  pounds  to  the  acre.   In  another  test  a  50-percent  chlor- 
dane powder,  applied  dry  with  a  patented  turf  duster,  in  April,  at  a  rate 
to  give  10  pounds  of  toxicant  to  the  acre  on  a  mixed  population,  gave  full 
control  of  the  new  generation,  which  consisted  largely  of  oriental  beetle 
larvae,  by  October.— Adams  (£) . 

Conostethus  impressua  ( G-oldf . ) 

In  laboratory  tests  5-percent  chlordane  dust  killed  only  6.6  to  l6.6 
percent  of  the  beetles  in  120  hours  when  applied  at  the  rate  of  0.22  mg./ 
sq.  cm.  (20  pounds  per  acre) . — Petty  (363) . 

Cotinis  nit Ida  (L . ) ,  the  green  June  beetle 

Chlordane  at  3  1/2  pounds  per  acre,  worked  into  the  soil  to  a  depth 
of  3  inches,  killed  26.5  percent  of  the  grubs  and  at  5  pounds  per  acre  it 
killed  38.9  percent  of  the  grubs.  A  5-percent  chlordane  dust  and  chlor- 
dane spray  were  ineffective  against  the  adults  in  laboratory  tests. — Xy. 
Agr.  Expt.  Sta.  (258). 

Cyclocephala  boreal is  Arrow,  the  northern  masked  chafer 

A  5-percent  chlordane  powder,  applied  to  soil  with  a  fertilizer 
spreader  at  rates  of  5»*+  to  21.7  pounds  toxicant  per  acre,  virtuall;-  elimi- 
nated all  grubs  on  a  golf  course  on  Long  Island.  The  chlordane  was  applied 
in  May  and  observations  made  in  October. — Adams  (8). 

Popillia  japonica  Newm. ,  the  Japanese  beetle 

Chlordane  is  very  effective  against  Japanese  beetle  larvae         ts. 
The  principal  tests  of  chlordane  against  this  beetle  have  been  made  in  I 
Jersey  by  Fleming  (122,  ljjO) ,  in  Connecticut  by  Schread  (^05-410) .  and  in 
Maryland  by  Langford  and  Squires  (284) . 

In  laboratory  tests  of  treated  soil  against  third-instar  larvae  1 
pound  of  chlordane  per  acre  when  freshly  applied  was  as  effective  as 
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pounds  of  DDT.  At  the  end  of  8  weeks  in  the  soil  2  pounds  of  chlordane 
were  required  to  equal  25  pounds  of  DDT.   In  field  tests  10  pounds  of 
technical  chlordane  per  acre  reduced  the  larval  population  more  rapidly  and 
more  completely  than  did  DDT  at  25  pounds  per  acre.   In  these  tests  the 
chlordane  was  applied  as  a  5-percent  dust  to  the  surface  "by  means  of  a  3- 
foot  fertilizer  spreader. — Fleming  (122.). 

All  stages  of  the  Japanese  "beetle  in  soil  are  killed  "by  dipping  "balled 
or  potted  plants  in  an  emulsion  prepared  "by  adding  1  fluid  ounce  of  the 
following  solution  to  10  gallons  of  water: 

Percent  "by  weight 
Ethylene  dihromide  13.0 

Chlordane  (technical)  6.5 

Cellosolve  (ethylene  glycol  monoethyl  ether)      6.5 
Tveen  20  6.5 

Isopropyl  alcohol  67 .5 

— Chisholm  ai*l  Mason  (26);  Mason  and  Chisholm  Ql8). 

Japanese  "beetle  adults  may  "be  controlled  "by  a  50-percent  chlordane 
wettahle  powder  used  at  the  rate  of  2  teaspoons  to  a  gallon  of  water  and 
applied  to  vegetation  at  weekly  intervals  during  July  and  August.  This 
dosage  of  chlordane  is  1/2  that  recommended  for  DDT. — Schread  (405). 

Chlordane  as  an  emulsion  was  not  as  effective  as  DDT  or  "benzene  hexa- 
chloride  from  the  standpoint  of  either  knockdown  or  residual  effect. — 
Langford  and  Squires  (284) . 

Aldrin  proved  more  toxic  than  chlordane  against  Japanese  "beetle  grubs; 
6  pounds  of  aldrin  in  10  days  gave  greater  grub  reduction  than  10  pounds  of 
chlordane  in  two  weeks. — Schread  (4-10) . 

In  tests  made  in  Connecticut  in  1946,  19^7,  and  1948  chlordane  at  8 
pounds  per  acre  was  effective  against  Japanese  "beetles  at  the  end  of  18 
months. — Schread  (409). 

In  1949  the  U.  S.  Bureau  of  Entomology  and  Plant  Quarantine  (462,  470) 
recommended  chlordane  for  grub  control  where  quick  action  is  needed.   Chlor- 
dane kills  the  grubs  faster  than  either  DDT  or  lead  arsenate.  Use  10  pounds 
of  actual  chlordane  per  acre  in  a  dust  or  spray.  A  chlordane  treatment 
should  last  at  least  2  years. 

Adams  and  Matthysse  (£)  of  Cornell  University  recommend  chlordane  at 
the  rate  of  10  pounds  per  acre  for  the  control  of  Japanese  "beetle  gruos. 
Chlordane  acts  more  rapidly  than  DDT,  killing  grubs  in  from  2  to  3  weeks 
after  application.   Indications  are  that  its  effectiveness  will  persist 
for  a  least  2  years. 
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Scolytidae 

Hylastinus  obscurus  (Marsh.),  the  clover  root  boier 

A  5-percent  chlordane  dust,  applied  at  the  rate  of  2.5  pounds  of  toxi- 
cant per  acre  in  May  1947  in  Hew  York,  rave  excellent  control  and  a  1-per- 
cent chlordane  dust  at  2.25  pounds  of  toxicant  per  acre  gave  high  control. 
Uone  of  the  insecticides  tested  as  sprays  at  the  rate  of  1  pound  of  toxi- 
cant oer  acre  were  satisfactory.   Chlordane  did  not  injury  red  clover. — 
Marshall  et  al.  (314). 

Chlordane  dust  at  the  rate  of  2  pounds  toxicant  per  acre  gave  46.6 
percent  non-infested  plants  as  compared  to  30  percent  in  the  untreated 
check.   The  clover  hay  at  harvest  time  "bore  a  chlordane  residue  of  2  p.o.m. 
Aldrin,  dieldrin,  and  BHC  gave  the  "best  (90  percent  or  "better)  controls. — 
Gyrisco  and  Marshall  (199). 

Tenehrionidae 

Tribolium  castaneum  (Host.),  the  red  flour  "beetle 

Portions  of  insecticidal  dusts,  judged  to  "be  "between  50  and  100  mg., 
were  applied  to  counted  groups  of  T.  castaneum  in  2x1  in.  specimen  tubes. 
The  tubes  were  gently  shaken  to  distribute  the  dust  and  were  then  stored 
under  controlled  conditions  of  temperature  and  humidity  until  the  insects 
were  inspected.   The  results  show  that  a  relatively  small  increase  in  con- 
centration of  poison  in  a  dust  results  in  a  large  increase  in  mortality. 
Frequently,  a  fourfold  increase  in  concentration  has  resulted  in  a  change 
from  a  very  low  to  very  high  mortality.  A  0.1  percent  chlordane  dust 
killed  99  percent  of  the  beetles  in  24  hours  at  a  temperature  of  75°  F. 
and  a  relative  humidity  of  70  percent.   Chlordane  was  about  5  times  more 
toxic  than  toxaphene. — Lord  ( 3,0.2 ) . 

Tribolium  confusum  Duv.,  the  confused  flour  beetle 

Larvae  are  more  resistant  than  the  adults  to  spray  residues.  Eg's 
and  pupae  of  the  confused  flour  beetle  do  not  appear  to  be  materially 
affected  by  exposure  on  surfaces  that  have  been  sprayed  with  residual 
sprays.   Immature  stages  were  exposed  for  24  hours  to  deposits  of  DDT,  chlor- 
dane, and  gamma  benzene  hexachloride  that  had  been  applied  to  glass  plates 
at  the  rate  of  50  mg.  per  1/4  square  foot.  Eggs  hatched  almost  normally, 
the  average  percentage  being  77  after  exposure  to  DDT,  75  for  chlordane, 
and  47  for  gamna  benzene  hexachloride,  as  compared  with  77  percent  for  ' 
check.  A  residue  of  200  mg.  chlordane  per  square  foot  on  a  glass  plate 
killed  100  percent  of  the  adult  beetles  ej.rosed  to  it  for  24  hours  in  18 
days.  The  effectiveness  of  residual  sprays  decreased  with  the  increase  in 
the  absorptiveness  of  the  surface  sprayed.  Their  effectiveness  also  rarle 
vrith  the  chemical  composition  of  tke  surface.  On  cement  surfaces  the  dur.. 
tion  of  effectiveness  of  all  spray  deposits  was  very  short.  Pretreatr.ent 
of  cement  with  a  sealer,  magnesium-zinc-silicofluoride ,  ^d 
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the  efficiency  of  spray  deposits.  On  freshly  painted  wood  surfaces  the 
type  of  finish  influenced  the  effectiveness  of  the  spray  deposit.   Cold- 
water  and  flat  oil  paint  greatly  reduced  the  effectiveness  of  the  spray 
deposits  "but  enamel  did  not.  Water  suspensions  of  wettable  powders  were 
absorbed  less  than  other  formulations,  so  that  on  absorptive  surfaces, 
such  as  cement  and  cardboard  and  unpainted  v/ood  surfaces,  they  were  more 
effective. — Cotton  and  Frankenfeld  (8l);  Cotton  et,  al.  (83) . 

Chlordane  formulated  as  an  emulsion  was  sprayed  on  variously  treated 
wood  surfaces  and  flour  beetles  were  exposed  to  the  residues  (200  rcg. 
chlordane  per  square  foot)  for  6  hours.   The  mortality  of  the  beetles  12 
days  after  exposure  was  100  percent  on  the  unpainted  surface,  30  percent 
on  cold-water  paint,  20  percent  on  flat  oil  paint,  and  60  percent  on 
enamel. — Cotton  and  Frankenfeld  (82) . 

See  under  Musca  domestica. — Brown  et,  al.  (52) . 

See  under  Blattella  germanica. — Brown,  Wenner,  and  Park  (53). 

LEPID0PTERA 

Aegeriidae 

Melittia  cucurbitae  (Harr.),  the  squash  borer 

In  experiments  at  Geneva,  New  York, control  of  the  borer  was  obtained 
with  a  5-percent  chlordane  dust. — Csrruth  and  Eowe  (66). 

Sanninoidea  exitiosa  (Say) ,  the  peach  tree  borer 

In  tests  made  in  Virginia  in  19^7  and  19^8  chlordane  at  1  pound  per 
100  gallons  of  water  was  not  so  effective  as  DDT  and  had  a  relatively  short 
period  of  residual  killing. — Bcbb  Q2) . 

Crambidae 

Diatraea  sac char al is  (P.),  the  sugar  cane  bbrer 

In  Louisiana  in  19^-6  poor  control  (51  percent)  of  the  borer  was  obtained 
with  a  5  percent  dust  of  technical  chlordane.  —  Ingram  et.  al.  (236) . 

In  ly47  chlordane  accounted  for  a  significant  increase  in  borer  infes- 
tation following  second  generation  dusting,  due  apparently  to  its  injurious 
effect  upon  the  natural  enemies  of  this  pest.  At  one  location  in  Louisiana 
chlordane  caused  a  loss  in  yield  of  6.65  tons  of  cane  per  acre. — Dugas  e_t 
al.  (117). 
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Lymantriidae 

FuproctiE  termir.alis  (Walk.),  the  pine  brown  tail  moth 

In  laboratory  tests  a  5-percent  chlordane  dust  applied  at  the  rate  of 
10  and  15  pounds  per  acre  was  less  effective  than  DDT,  toxaphene,  and  lead 
arsenate. — Petty  (3o3) . 

Olethreutidae 

Carpocapsa  pomonella  (L.),  the  codling  moth 

In  Illinois  in  19^6  one  pound  of  chlordane  per  100  gallons  of  water, 
either  as  a  50-percent  wettable  powder  or  as  an  emulsion,  proved  less  ef- 
fective than  lead  arsenate  or  DDT  in  controlling  codling  moth  on  apples. — 
V.'einnan  (^466) . 

An  emulsion  of  chlordane  (150  g.  chlordane  and  $00   g.  white  oil  in 
100  liters  of  water)  was  almost  as  good  as  DDT  (88  percent  efficacy  as  com- 
pared to  95  for  DDT)  in  the  control  of  codling  moth  larvae  on  apples  in 
France  in  19^7.  There  was  no  phytotoxic  action. — Frezal  (15?,)  • 

Chlordane,  2  quarts  of  20-percent  concentrate  in  100  gallons  of  water, 
proved  less  effective  than  lead  arsenate  against  the  codling  moth  in 
Virginia.— Hough  and  Hill  (227). 

In  Indiana  Steiner  e_t  al..  (U38)ln  19^+8  reported  that  chlordane  has 
proved  of  little  value  for  use  in  control  of  the  codling  moth  or  other 
apple  insects. 

In  tests  to  control  the  codling  moth  attacking  Payne  walnuts  in 
northern  California  chlordane  was  found  not  only  to  "be  ineffective,  hut 
its  use  resulted  in  a  marked  increase  in  the  codling  moth  infestation, 
which  exceeded  that  which  occurred  in  the  unsprayed  trees.  One  spray  of 
chlordane,  0.5  pound  per  100  gallons  of  water  in  19^6,  resulted  in  1^  per- 
cent of  the  nuts  being  infested  as  compared  to  7.05  percent  infested  in 
the  check.— Michelbacher  and  Middlekauff  (327). 

Grapholitha  mplesta  (Busck),  the  oriental  fruit  moth 

Field  tests  on  peaches  in  New  Jersey  showed  chlordane  to  be  inferior 
to  parathion  when  applied  as  sprayw  for  the  control  of  second  and  third 
brood  oriental  fruit  moth. — Driggers  and  "errill  (HJi) . 

In  Virginia  in  19^7  chlordane  was  not  effective  in  killing  oriental 
fruit  moth  adults.   Spray  residues  of  the  insecticide,  however,  were  ex- 
trenely  toxic  to  Macrocentrus  parasites  and  residual  killing  was  noted 
for  several  weeks  after  application  under  favorable  conditions. — Bcb'r  (33) . 

Injury  by  third  brood  moths  reached  outbreak  proportions  in  peach 
orchards  in  Kentucky  where  chlordane  had  been  used.  Bacterium  pruni 
seriously  affected  17.1  percent  of  the  fruits  in  chlordane  sprnyed  plots, 
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and  only  3.2  percent  of  the  fruits  in  plots  sprayed  with  the  standard 
lead  arsenate  schedule. — Ky.  Agr.  Expt.  Sta.  (258) . 

Polychrosis  botrana  (Schiff.) 

In  France  in  19^7  chlordane  was  tested  as  an  emulsion  (150  g.   chlor- 
dane,  500  cc.  petrole,  10  g.   emulsifier  and  100  liters  of  water).      Its 
efficacy  according  to  Abbott's  formula  was  80  as  compared  to  85.9  for  DDT.- 
Erezal   (157). 

Polychrosis  viteana  (Clem.),    the  grape  "berry  moth 

In  tests  made   in  the  Erie  grape  "belt   of  Pennsylvania  a  spray  of   chlor- 
dane   (as  a  50-percent  wettable  powder)   at  0.75  pound  of  toxicant  per  100 
gallons  of  water  was  not   effective  and  severely  "burned  the  foliage  of  the 
Concord  grape. — Cox  (8^) . 


Phalaenidae 

Phalaeninae 

In  tests  made  at  Charleston,   South  Carolina  a  5-percent   chlordane  dust, 
applied  at  the  rate   of  20-25  pounds  per  acre-application,   was  fairly  toxic 

to  the  cabbage  looper  and  Agrotinae,   "but  relatively  ineffective  against 
the  imported  cabbageworm     in  two   spring  tests  and  one  fall  test.     A  3-per- 
cent  chlordane  dust  was  not  very  toxic  to  either  the  looper  or   the   imported 
cabbageworm  in  two   spring  experiments.     A  chlordane  suspension  spray  and 
an  emulsion  spray  gave  good  to  excellent  reductions  of  the  looper  and   im- 
ported cabbageworm  and  were   superior   to  a  3-percent  chlordane  dust  when 
applied  at  comparable  dosages  of  active  ingredient.     This  dust  mixture  did 
not  have  good  dusting  qualities.     Chlordane  dusts  usually  proved  inferior 
to  DDT  dusts  of  comparable   strengths.     No  plant   injury  was  noted  from  the 
use  of  chlordane  on  cabbage. — Re id  and  Cuthbert    (387) » 

Agrotjs  orthofronla  Morr.,   the  pale  western  cutworm 

Chlordane  dissolved  in  benzene-kerosene  mixture   and   applied  in  a  spray 
tower  was  moderately  toxic   to  the  larvae. — Brown  et.  al.    (50) . 

Agrotis  ypsilon   (Rott.),    the  black  cutworm 

A  bait   containing  1.5  percent   of   chlordane,   5  percent   of  xylene,    and 
11  percent   of   oil    in  bran  killed  67  percent   of   the  cutworms  after  *+8  hours 
in  laboratory  tests. — Brooks  and  Anderson   (i±8) . 

A  5-percent  chlordane  dust,   applied  to  fields   in  North  Carolina  at 
rates  of  from  20  to  100  pounds  per  acre,  was  of  little  value.      Irish 
potatoes  grown  in  chlordane-treated  soil   showed  no  of f -flavor . — Kulash 
(228). 
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Anticarsia  g-eismatllls  &bn.).    the  velvetbean  caterpillar 

A  low   concentration  of  chlordane    showed   some  premise  for   the  control 
of  this  insect   in  Louisiana  in  1946,   but  the  next  year   it  gave  very  little 
control  after   five  day 6. — Dugas  j»t  a^..    (ll6t   118) . 

A  1-percant    chlordane  dust  was  less  effective  than  1-percent  DDT  and 
1-percent  ganma  benzene  hexachloride  dusts   in  controlling  caterpillars  on 
alfalfa  in  Alabama  in  1946.     All  dusts  were  applied  at   the  rate  of  15 
pounds  per  acre.      In  1947,   5-percent  chlordane  dust  gave   68  percent   control 
of  the  larvae  on  soybeans  48  hours  after  dusting  at  the  rate  of  25  pounds 
per  acre.— Arant    (21) . 

Cjrphis  unipuncta   (Haw.),    the  armyworm 

In  preliminary  laboratory   tests  chlordane  was  much  less  toxic  than 
DDT.-- Bishopp   Q2). 

Rellothis  armigera   (Hbn. ) ,   the  tomato  frultworm,   the  bollworm,   the   corn 

earworm 

A  field  test  on  tomatoes  made  in  Louisiana  in  1946  showed  2-percent 
chlordane  dust   to  be  inferior   to  cryolite  and  calcium  arsenate. — Floyd 

A  5-psrcent   chlordane   dust  gave  controls  of  41.6  and  38.7  percent   in 
two  tests  on  western  Long  Island  in  1948.     The  effectiveness  of  chlordane 
was  less  than  that   of  DDT,   TDE,   parathion,    or  methoxychlor . — Butler  and 
Carruth   (&) . 

Dusts  containing  5»   10 •   and  20  percent  of  chlordane  failed  to  give 
adequate  control  of  the  bollworm. — Arant    (20) ;   Kulash   (27^) • 

In  laboratory  and  cage   teats  in  Texas  a  20-percent   chlordane  dust 
was  less   effective  against   the  bollworm  than  DDT  or  toxaphene. — Ivy  and 
Eving  (2^2). 

In  Texas  diu-ing  1947  a  20-percent   chlordane  dust  was  as  effective   as 
calcium  arsenate,    but  less   effective    than  a  20-percent    toxaphene  dust   ox 
a  5-percent  DDT  plus  3-percent  gamma  benzene  hexachloride   sulfur   dust   in 
controlling  bollworm. — Gaines  and  Dean   (l6ii)  • 

An  emulsion  of   chlordane  atomized  on  corn  ears   showed  promise   against 
the   corn  earworm. — Bishopp   (32). 

In  Horth  Carolina  in  1947  a  5-percent   chlordane  dust  gave  40.4  per- 
cent  clean  ears  as   compared   to   75*5  percent   clean  ears  resulting   from  the 
use  of  0.25  percent  DDT   in  mineral   oil.     Of  the  untreated  ears  27.0  per- 
cent were   clean. — Kulash   (273,) « 

In  Florida  in  1947  a  5-percent   chlordane  dust  and  a  50-p«rcent   chlor- 
dane wet  table  powder  at   2  pounds  per   100  gallons   of  water  were   inferior    to 
DDT  and  methoxychlor   dust  and   sprays   in  controlling  earworms  on   sweetcorn.— 
Kelsheimer    (249). 
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In  the  Everglades  area  of  Florida  a  3~percent  chlordane  dust  gave  6 
percent  of  ears  with  no  worm  damage;    a  5-percent  DDT  dust  gave  39  percent; 
and  2.7-percent  DDT  in  oil  gave  100  percent.     A  40-percent  chlordane 
emulsion,   1  quart  to  100  gallons  of  water,   was  about  equal  to  DDT  emulsion, 
"but  less  effective  than  parathion  (2  pounds  of  15  percent  wettable  per  100 
gallons  of  water)   in  preventing  tomato  injury  by  the  tomato  fruitworm. — 
Hay slip   (211). 

In  laboratory  tests  5  percent  chlordane  was  slightly  less  toxic  than 
DDT,   natural  cryolite,   or  2  percent  parathion. — Petty   (3 63). 

A  1-percent   solution  of  chlordane  in  refined  mineral  oil    (Saybolt 
viscosity  185-195  sec.  at  100°  F.)   injected  into  tips  of  ears  of  Golden 
Cross  Bantam  sweet  corn  in  southern  California  was  slightly  less  effective 
than  1-percent  DDT  and  TDE  solutions.     These  materials  all  gave  good  con- 
trol when  applied  as  high  pressure  aerosols. — Anderson  and  Hashe   (18). 

In  Louisiana,  in  1948  chlordane  dust,   applied  8  times  at  an  average 
dosage  of  12  pounds  of  dust  per  acre  per  application,   failed  to  control 
insects  on  Mexican  June  corn  planted  August  13.     The  plants  were  more 
than  50  percent  destroyed  and  no  ears  were  produced. — Floyd  (l44)» 

A  5-percent  chlordane  dust  gave  less   than  50  percent  worm-free  ears 
in  tests  with  sweet   corn  in  North  Carolina.     Cotton  treated  with  5  percent 
chlordane  was  as  heavily  infested  with  bollworms  as  untreated  cotton. — 
N.  C.  Agr.  Expt.   Sta.    (353). 

In  the  Lower  Eio  Grande  Valley  of  Texas  a  5-percent  chlordane  dust 
(4  dustings  at  weekly  intervals)  gave  4-5  percent  earworm  injury  as  com- 
pared to  79  in  the  untreated  plants.     A  spray  of  4  pounds  50-percent  wet- 
table  chlordane  per  100  gallons  of  water  gave  2-percent  whorls  with  live 
larvae  compared  to  45-percent   in  the  untreated. — tfene  and  Blanchard   (4.9,5) » 

Heliothis  ononis   (Schiff),   the  flax  bollworxn 

Chlordane  dissolved  in  benzene-kerosene  mixture  and  applied  in  a 
spray  tower  had  very  slight  effect  on  the  larvae. — Brown  jgt  ai.    (50). 

LaT>hygma  frugiperda  (J.  E.  Smith),   the  fall  armyworm 

A  5"*percent  chlordane-pyrophyllite  dust,   applied  3  times  to  a  total 
of  28  1/4  pounds  per  acre,  gave  a  control  of  98  percent  of  armyworms  after 
72  hours.     A  bait  containing  1.5  percent  of  chlordane,   5  percent  of  xylene, 
and  11  percent  of  oil  in  bran  killed  100  percent  of  the  armyworms  after  24 
hours  in  cage  tests,  and  93  percent  after   48  hours  in  field  tests.     Chlor- 
dane dust  failed  to   control  late  fourth-instar  larvae. — Brooks  and 
Anderson  (48) . 

In  tests  made  on  field  corn  at  Norfolk,  Virginia,    in  July  1948,  a 
3-percent  chlordane  dust  reduced  the  number  of  worms  57  percent  below  the 
check  in  24  hours  and  increased  the  percentage  of  uninfested  plants  above 
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the   check  46  percent   in  24  hours  and   6l  percent   in  48  hears.      In  another 
test   in  a  pasture  a  5-percent   chlordane  dust  killed  62  percent   of   the   army- 
worms.     Parathion  and  DDT  gave    the  test  control. — Hof master   and  Greenwood 
(225). 

Fire  percent   chlordane  dust  was  fairly  effective    in  controlling  the 
armyworm  but   affected  the  corn  adversely. — Tissot  and  Kuitert    (456) . 

Chlordane  dust  was  effective  against   this   insect   on   tomatoes   in 
Florida. — Kelsheimer   (248). 

For   the   control  of  this   insect  attacking  lawns  in  Florida  it    is 
recommended  to  use  2  pounds  of  50-percent   chlordane  wettable   powder  per 
100  gallons  of  water  per   acre  or  a  5-P©rcent   chlordane   dust.- Kelsheiaer 

Chlordane,   applied  as  an  emulsion  to   corn  ears,    imparted  an  odor 
noticeable  at  harvest  time.     Dusts  gave  unsatisfactory   control,   but   chlor- 
sLase  emulsion   (l  ml.  plus  0.5  ml.   of   emulsifier,   20  ml.    of  white   mineral 
oil  and  water   to   make  100  ml.)   gave  consistently  good  control   of   this 
species  and  the  corn  earworm  in  sweetcorn. — Blanchard  and  Chamberlin  (35) . 

Chlordane  wettable  powder    (50-percent)   at  2  pounds  per   100  gallons 
of  water  gave  good  control  of  fall  armyworms  in  the  buds  of  corn.     A 
poisoned  wheat  bran  containing  5  percent  of  chlordane  also  gave  good  con- 
trol.— Hayelip   (210.   211 ). 

A  5-percent  chlordane  dust,  applied  at  the  rate  of  10  pounds  per  acre 
to  Ladino  clover,  killed  1/2  the  larvae  two  days  after  dusting.  No  phyto- 
toxicity  was  observed. — Kulash   (274). 

See  also  under  "Unidentified  ants". — Kelsheimer   (252). 

Perldroma  margaritosa  (Haw.),   the  variegated  cutworm 

In  preliminary  laboratory  tests  chlordane  was  much  less   toxic   than 
DDT.— Bishopp   Q2) . 

Platysenta  sutor   (On.) 

A  5-percent   chlordane  dust   killed  24.2  percent   of   the   larvae   on  celery 
in  Florida  in  24  hours.— Hay  slip   (211). 

Prpdenia  er ldania,   (Cram.),    the    southern  armyworm 

In  laboratory  tests  a  1-percent  chlordane  dust  killed  96.?  percent  of 
medium  larvae   in  2   days. — Sun  e_t   aj,.    (449.    450) . 

In  fumigation  action  against   larvae   chlordane  was   superior   to   gamma- 
BHC  and  DDT,   "but   in  contact   action  and   stomach  action  it  wa6   inferior. — 
Sun  e_l  ai.    (448). 
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Prodenla  litura  (*.) 

On  fourth-instar  larvae  chlordane  was  almost  as  toxic  as  was  DDT 
(83.3  percent  mortality  as  compared  to  95  percent  for  DDT  after  46  hours).— 
Prezal   (152). 

Trichoplusia  ni   (Hbn.),   the  cabbage  looper 

In  field  tests  a  3-percent  chlordane  dust  killed  62.6  percent  of  the 
larvae  in  3  days,   and  a  dust  containing  1  percent  chlordane  plus  0.25  per- 
cent rotenone  52.7  percent. — Sun  ejfc  ai..    (450). 

In  laboratory  and  cage  tests  at  Waco,   Texas, during  1946  a  20-percent 
chlordane  dust  was  less  effective  than  toxaphene. — Ivy  and  Ewing  (237). 

Same  as  for  Plerls  ranae. — Dills  and  Odland  (105). 

Unidentified  species  of  cutworms 

When  fields  of  grain,   grass,   or  alfalfa  were  sprayed  or  dusted  with 
3/4  or  1  pound  of  chlordane  per  acre,  many  species  of  cutworms  were  killed.— 
Severin  (414) . 

To  control  cutworms  in  a  prepared  seedbed  apply  about  30  to  40  pounds 
of  5-p©rcent  chlordane  dust  per  acre. — Granovsky   (194) . 

Older  cutworms  are  not   controlled  by  chlordane .—  U.   S.  Dept.  Agr.  Ext. 
Serv.    (473). 

Chlordane  dust  is  recommended  for  control  of  cutworms  attacking  sweet- 
corn  in  Florida. — Kelsheimer  ejt  aj,,.    (266). 


Pier  idae 

Goliae  philodlce  eurytheme  Bdv.,   the  alfalfa  caterpillar 

A  5-percent  chlordane  dust  at  the  rate  of  1.25  pounds  of  toxicant  per 
acre  reduced  the  number  of  caterpillars  52.8  percent  in  48  hours  and  65.3 
percent  in  96  hours. — Smith  and  Allen  (427). 

Pleris  rapaff   (L.),    the   imported  cabbage  worm 

In  1946-19^*8  a  3-percent  chlordane  dust  gave  72.6  percent  control, 
proving  inferior  to  DDT  .and  TDE.— Dills  and  Odland   (105.   107). 

In  a  field  test  chlordane  dust  proved  superior  to  benzene  hexachloride, 
Brooks  and  Anderson  (48) . 

In  laboratory  tests  a  3-percent  chlordane  dust  killed  only  5»6  percent 
of  last  instar  larvae  in  2  days  as  compared  to  79.2  percent  killed  by  a  3- 
percent  technical  DDT  dust.     In  field  tests  a  3-percent  chlordane  dust 
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killed  59*4  percent  of   the  larvae   in  3  days;    a  3-percent  DDT  dust   killed 
79^5  percent;    and  dust   containing  1  percent    chlordane   plus  0.25  percent 
rotenone  killed  85.1  percent. — Sun  et  a!.    (45QJ . 


Psychidae 


Acanthppsyche  J,un.odj  Heyl ,  the  wattle  bagworm 

In  laboratory  tests  a  5~percent  dust  of  chlordane,  applied  at  the  rate 
of  5,  7,  9t  and  10  pounds  per  acre,  was  markedly  more  effective  than 
natural  cryolite  against  first  and  second  instar  bagworms  when  applied  to 
the  leaves  only  or  when  "both  leavee  and  worms  were  dusted.   Chlordane  ap- 
peared to  he  slightly  less  effective  than  "benzene  hexachleride  against  the 
first  two  inatars,  and  was  less  effective  than  cryolite  for  the  older  hag- 
worms.— Petty  (364). 

Phycitidae 

Acrobagla  carvaj  Grote,  the  pecan  nut  case  bearer 

Chlordane  44-percent  emulsion  concentrate  at  1  quart  per  100  gallons 
of  water,  applied  late  in  the  summer,  Central  Texas,  in  1947,  was  less  ef- 
fective than  DDT  or  lead  arsenate  in  preventing  nut  oasebearers  from  going 
into  winter  quarter*. — Nickels  (35l). 

Elaemophalpus  lignosellus  (Zell.),  the  lesser  cornstalk  borer 

In  Louisiana  chlordane  at  the  rate  of  2.5  pounds  per  acre  proved  much 
more  effective  than  10  pounds  of  DDT  and  produced  a  nearly  perfect  stand. — 
Dugas  a!  aL.  (120). 

gphestja  kuehniella  Zell.,  the  Mediterranean  flour  moth 

See  under  Mu,sca  domestica. — Brown  e_£.  ai..  (52) . 

Homalopalpia  dalera  Dyar,  the  papaya  webworm 

A  spray  of  0.05  percent  chlordane  reduced  the  percentage  of  webs  with 
larvae  to  14.4  as  compared  with  8l.7  in  the  check  7  days  after  treatment, 
but  36  days  after  treatment  the  percentages  were  30.4  and  44.6,  respec- 
tively.— Wolfenbarger  (507). 


Pyraustidae 

De.spiia,  funeral  is  (Hbsn.),  the  grape  leaf  folder 

In  California  in  1947  a  dust,  containing  5  percent  of  chlordane  and 
50  percent  of  sulfur,  was  less  effective  (9  and  27.4  larvae  in  rolls  per 
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vine  in  two  tests)    than  a  50-percent  cryolite,   5-psrcent  DDT,   and  ^0-per- 
cent sulfur  dust   (1.6  and  2.4  larvae  in  rolls  per  vine).     The  untreated 
check  vines  contained  35.8  larvae  in  rolls  -per  vine. — Frazier  and  Barnes 

(15&). 

Loxostege  similalis   (Guen.),   the  garden  webworm 

In  "barrier  and  dusting  tests  a  5-psrcent  chlordane  dust  gave  the  most 
promising  results. — Walton  (48.3). 

In  laboratory  and  cage  tests  at  Waco,   Texas  during  1946  a  20-percent 
chlordane  dust  was  less  toxic   than  toxaphene,  "but  the  results  were  con- 
sidered promising. — Ivy  and  Ewing  (237). 

See  *ader  "Unidentified  ants"  .— Kel she imer   (252). 

Phlvctaenia  rubigalis  (Guen.),   the  celery  leaf  tier 

In  preliminary  laboratory  tests  chlordane  was  much  less  toxic  than 
DDT.— Bishopp   (221. 

Pyrausta  nubilalis   (Hbn.),   the  European  corn  "borer 

Chlordane  dust  was  promising  in  tests  made  in  Maine  but  was  not   so 
effective  as  DDT  and  Eyania. — Hawkins  and  Thurston  (209). 

Chlordane  spray  gave  excellent  control  in  Ontario  in  1947* — Wreasel 

<aa>. 

Sphingidae 

Protoparce  quinquemaculata  (Haw. ) ,  the  tomato  hornworm 

P.  sexta  (Johan.),  the  tobacco  hornworm 

Chlordane  prepared  as  a  5-p9rcent  dust  gave  73  and  30  percent  kills, 
respectively,   of  these  two  species  on  tomato,  while  a  2-percent  dust  gave 
91  and  43  percent  kills.     Chlordane  in  oil  emulsion-form  at  1:800  gave  an 
excellent,  but  slow  kill  on  the  hornworms  with  84  percent  kill  for   s.exta 
and  80  percent  for   the  other  species. — Gould  (l85lt  182). 

A  5-percent  chlordane  dust  was  the  only  material   that  controlled 
full  grown  larvae  of  P.  qulnquemaculat a  on  tomatoes  in  Florida. — 
Kel she imer   (248). 

In  Ontario  chlordane  was  less  effective  than  DDT  which  gave  good  con- 
trol of  the   tomato  hornworm  even  at  0.72  pounds  per  acre. — Pox  fit.  a],. 

(152). 


Tortricidae 

Argyrotaenia  citrana  (Fern.),  the  orange  tortrix 
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In  Oregon  a  5-?orcent   chlordane   dust,   applied  to   blackberries,    gave 
41.1  percent   control;    a  5-pQrcent  TDE  duat   gare  100  percent   control.      In 
another   test   a  5-percent   chlordane  dust   gave  33.6  percent   control   -  the 
poorest   of  all   insecticides   tested.     A   spray  containing  4  pints  of   chlor- 
dane emulsion   (44  percent   chlordane)   per   100  gallons   of  water  gave  86.1 
percent   control  which  was   increased  to  91.4  percent  when  4  quarts   of  oil 
were  added  to   the   spray.      TDE  gave   the  best   control   of   the    sprays   tested. — 
Hosenstiel    (399). 

A  chlordane  spray  (l  quart  of  44  percent  emulsion  per  100  gallons  of 
water)  gave  good  control  of  the  larvae  of  red  raspberries  in  the  Puyallup 
Valley,  Washington,  "but  exhibited  phytotoxicity  causing  a  general  yellow- 
ing of  the  foliage.  A  wettable  powder  appeared  to  be  safe. — Johansen  and 
Breakey   (242). 

Ar gyro taenia  velutinana   (Wlkr.),    the  red-banded  leaf  roller 

Chlordane,   1  pound  of  40-percent  wettable  powder  per  100  gallons  of 
water,   proved  unsatisfactory  for   the   control  of  the  first  brood  leaf  roller 
in  a  Maryland  apple  orchard. — Graham   (191,) . 

In  New  York  in  1948  chlordane  as  a  50-percent  wettable  powder  proved 
worthless  against   second  brood. — Glass  and  Chapman  (1,79 ) » 

Chlordane  is  ineffective.— Eings   (392). 
Choristoneura  fumiferana   (Clem.),   the  spruce  budworm 

Chlordane  dissolved  in  benzene-kerosene  mixture  and  applied  in  a  spray 
tower  had  very  slight   effect  on  the  larvae. — Brown  ejt,  j£«    ( 5.0 ) . 

Cnenhasia  Ipngana   (Haw.),    the  omniverous  leaf  tier 

Chlordane,   1  quart  of  ^6  percent  emulsion  per  100  gallons  of  water, 
gave  negligible  kill  of  the  caterpillars  on  field  grown  asters  at  Palo 
Alto,    California.— Pritchard  ejb  a^.    (374). 

HTMENOPTERA 

Apidae 

Aplg  mellifera  L.,    the   honey  bee 

The   effect   of   chlordane   on  the  honeybee  has  been  observed   in  California 
by  Eckert    (122-124)   and  Linsley  and  MacSwain   (300) ;    in  Massachusetts  by 
Butler   and   Shaw   (62);    in  Texas  by  Weaver    (484);    in  Utah  by  Knowlton   (267): 
and  in  Washington  by  Eide    (U2) . 

Laboratory   tests  by  Eckert    (12_3)   proved   that   chlordane   it  highly  toxic 
to  bees  as  a  stomach  poison,    contact    insecticide,   and   as   a  f mmigant .     When 
chlordane  is  fed   to  bees   in  a  20-percent   sugar    sirup,  the  approximate  LD-50 
is  1   microgram  per   bee.      The   residual  action  extends  over   a  period   of  3 
or   more  weeks  under  laboratory  conditions. 
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Later  results  by  Eckert    (124)   showing  the   comparative  toxicity  of  the 
newer   insecticides  to  "bees  are  presented  in  the  following  tahle: 

Tahle  1.  -  The  toxic  effect  of  certain  chemicals  on  honeyhees 

LD-50  in  72  hours, 
Chemical, , micrograms  per  "bee     , 

Benzene  hexachloride  0.15 

(90$  gamma  isomer) 
Chlordane  1.21 

Aldrin  0.25 

TDB  lo.O 
DDT  4.6  (room  temp.) 

12.0+     (950  J.) 
Hexaethyl  tetraphosphate  0.29 

Parathion  0.0? 

Tetraethyl  pyrophosphate  0.75 

Toxaphene  22.0 


Eckert  also  oh served  that  chlordane  dusts  have  reduced  the  field 
force  of  colonies  "by  from  50  to  80  percent  when  applied  to  alfalfa  in 
"bloom.     Chlordane  in  oil   (2.5  percent  solution)   caused  the  loss  of  hrood 
and  a  portion  of  the  hees  when  applied  in  hot  weather  as  an  oil   spray  to 
grass  in  front  of  30  colonies.     A  quick  removal   of   the  affected  colonies 
prevented  much  heavier  losses.     The  hees  apparently  pulled  the  fumes 
through  the  hives  hy  their  ventilating  operations. 

The  walls  of  a  comh  room  were  sprayed  with  a  5-P©rcent  chlordane   sus- 
pension in  water  for  the  control  of  ants  and  one  year  later  enough  chlor- 
dane vapor  was  present  in  the  room  to  kill  hees  within  36  hours. — Eckert 
and  West   (125). 

In  lahoratory  tests  hees  in  cages  were  dusted  with  a  pre-determined 
dose  of  insecticide  at  40  pounds  pressure.      The  dust  was  allowed  to   settle 
for  30  seconds  after  which  the  hees  were  immediately  transferred  to  other 
cages  for  ohservation.     The  toxicity  of  10  percent   chlordane-40  percent 
sulfur  varied  greatly  with  the   temperature.     At   temperatures  helow  760  P. 
chlordane  was  only  slightly  toxic,   the  MLD  "being  29.95  pounds  per  acre, 
hut  at  86°  P.   its  toxicity  increased  greatly. — Weaver    (484). 

Chlordane  does  not  repel  hees,  hut  is  very  toxic  to  them  if  applied 
while  they  are  active  in  the  field  and  remains  toxic  from  12  to  48  hours 
following  its  application  depending  on  weather  conditions.     There  is  less 
damage  to  hee  populations  from  chlordane  when  used  as  a  spray  than  when 
used  in  the  form  of  a  dust. — Mont.  Agr.  Expt.  Sta.    (331). 


Cephidae 
Cet)hus  cinctus  Nort.t  wheat   stem  sawfly 

A  5-percent   chlordane  dust  at  20  pounds  per  acre  permitted  an  aver- 
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age   infestation  of  65  percent   as   compared   to  68  percent    in  the  check  plot. — 
Munro   ejL  aJL.    (338). 

Formicidae 

Caraponotus  her<raleanu§  pennsylvanlcus   (Deg.),    the  "black  carpenter  ant 

Chlordane  is  effective  as  a  5-percent  dust  and  as  a  50-percent  wet- 
table  powder,  using  4  ounces  of  toxicant  per  1,000  •quare  feet. — Schread 
and  Chapman   (412) . 

Formica  exsectoides  Forel,   the  Allegheny  mound  ant 

The  application  of  a  50-percent  chlordane  wettable  powder  at  low  dosage 
levels  killed  adults  in  5  to  6  hours;    eggs  did  not  hatch  and  pupae  produced 
no  adults. — Schread  and  Chapman  (^1,2) . 

Formica  fusca  var   subsericea,  Say,   the  silky  ant 

Formica  pall ida-f ulva  subsp.   nltidiventrla  Emery 

Chlordane  controlled  these  ants  working  in  open  ioil  at  the  base  of 
shrubs  and  in  turf, — Schread  and  Chapman   (412) » 

Irldomvrmex  humills  Mayr.,    the  Argentine  ant 

Chlordane  dust  was  repellent   to  the  Argentine  ant  for  a  considerable 
period  of  time.      It  makes  an  excellent  barrier  around  their   nests  or  when 
sprayed  on  the  walls  of  a  building  or  foundation  of  a  house.     Ants   that 
come  in  contact  with  the  duet   immediately  withdraw  and  soon  disappear  from 
that   immediate  area. — Eckert   (123 ) » 

Diesel   oil   containing  2  percent   of   chlordane  controlled  Bermuda  grass 
and  Argentine  ant  around  beehives   in  California  without   causing  noticeable 
loss   of  bees.     Both  grass  and  ants  later   came  back  into   the   treated  area. — 
Eckert  and  West    (125). 

Laslus  niger  alienus  americanus  Emery,    the   cornfield  ant 

One  pound  of  50-percent  wettable   chlordane  per  1,000   square   feet 
caused  a  100-percent  reduction  in  ant  hills  after  30  days. — Kerr    (259) . 

For   the   individual    spot   treatment,  one-eighth  of   a  teaspoon  of  50- 
percent   wettable   chlordane  powder   is  placed  in  the   center   of   each  hill   and 
watered  thoroughly   into   the   nest, using  a  four-gallon  pressure   sprayer  with 
the  spray  nozzle   removed,    or  using  a  watering  can  with   the    spreader   removed. 
For   the  complete   turf  treatment,  the   entire  area  is   impregnated  with   the 
material.      The   50-percent  wettable  powder   applied  at   the   rate   of   four    ounces 
to  1,000   square   feet  was   found   to  be  desirable   from  the    standpoint   of   the 
economic  and   the  residual  value   of   the    insecticide.     The    turf   is   then 
watered  with  50   to   60  gallons  of  water    to  1,000   square   feet  to  obtain  naxium 
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penetration.     This  treatment  has  destroyed  all  ants  and  has  given  com- 
plete protection  from  reinvasion  for  a  period  of  four   to   six  weeks. ~ 
Schread  (406):   Schr«ad  and  Chapman  (412). 

Lasius  niger  var .  neonlger  Emery 

Same  as  for  L.  nlger  alienus  americanus,.—  Schread  and  Chapman   ( 412 ) . 

Monomorium  minimum  Buck! . .   the  little  "black  ant 

Tests  at   the  Savannah  laboratory  of  the  Bureau  of  Entomology  and 
Plant  Quarantine  have  shown  chlordane  to  he  less  effective  than  DDT  as  a 
residual  treatment,  although  in  actual  practice  it  has  "been  reported  to 
he  highly  effective  in  controlling  ants  in  homes. — Knipling  (265,). 

Pogonomyrmex  hadius   (Latr.),   the  Florida  harvester  ant 

Colonies  in  a  typical  Texas  Gulf  coast  pasture  in  Florida  were 
treated  with  a  5-percent   chlordane  dust.     The  treatments  were  made  "by 
applying  approximately  one  ounce  of  the  dust  over  the  mound  around  the 
entrance  to   the  nest  hy  hand  in  such  a  manner  that  the  ants  leaving  or 
entering  the  nest  would  have  to  pass  through  the  insecticide.     Each  nest 
was  treated  five  times  during  the  test.     At  the   end  of  83  days  no  colonies 
had  "been  eradicated.  — Riherd  (390). 

A  chlordane  residue  of  1.3  micrograms  per  square  centimeter  killed  30 
percent  of  the  ants  in  120  hours. — Metcalf   (2Z1)  • 

Pogonomyrmex  barbatus  var.  mplefacians  (Buckl.),   the  Texas  harvester  ant 

More  than  300  colonies  in  pastures  and  yards  in  Oklahoma  were  destroyed 
hy  pouring  one  cup  (about  200  ml.)  of  3-percent  chlordane  solution  into  the 
opening  of  each  colony.     Car  Don  tetrachloride  and  95-percent  alcohol  were 
satisfactory  solvents.     Other  diluents  such  as  petroleum  oils  or  water  sus- 
pensions have  since  "been  found  to  serve  as  well  .--Brett  and  Ehoades   (44). 

SolenoDsls  geminata  (F.)t  the  fire  ant 

Same  as  for  M.  minimum. — Knipling  (264) 

Soleno-psis  saevissima  var.  rlchteri  Forel,    the   imported  fire  ant 

In  Mississippi  in  1947  chlordane  was  effective  in  laboratory  tests  and 
in  treating  mounds  in  the  field.     A  5-percent  chlordane  dust  was  much  mere 
effective  than  a  10-percent  DDT  dust. — Lyle  and  Fortune   ( 304) . 

In  Alabama  the  most  effective  treatment  of   individual  ant  hills  was 
opening  the  mound  and  mixing  insecticide  with  the   soil   in  the  mound.     One- 
half  pint  of  2.5-percent  chlordane  emulsion  spray  or  2  ounces  of  10  percent 
dust  was  highly  effective  when  applied  in  this  manner.     Above  90  percent 
control  of  fire  ants  was  obtained  on  area  treatments  when  2  or  4   pounds  of 
chlordane  as  dusts  or  emulsion  sprays  was  disked  into  the   soil.     Considerably 
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less  control  resulted  from  dusts  when  the    soil   was  not   disked.      Whether   the 
dust  was  apolied  previous  or    subsequent   to   disking  appeared  to  be   of  less 
importance   than  thoroughness   of  disking.     Emulsion  sprays  were  almost   as 
effective  without   disking  as  when  disking  was  dene. — Eden  and  Arant    (129) . 

Tetramorium  cae6pltun   (L . ) ,    the   pavement   ant 

Chlordane  does  not  have   the   disadvantage  possessed  by  DDT  of  being 
detected  by  ants,   and    they  readily  cross  an  area  treated  with   it   and   so  are 
destroyed.     The   simplest   method  of  using   solutions  of   chlordane   is   to   apply 
it  with  a  cheap  paint  brush.     Paint  a  band  about   six  inches  wide  around   the 
kitchen  and  pantry,   and  around  any  other  areas  known  to  be   frequented  by 
the  ants.      In  experimental  work   some  benefit   has  been  derived   in  control   of 
grease-loving  ants  by  placing   small   containers   of  attractive  materials    such 
as  peanut  butter  or  chicken  fat  on  the  floor,   and  then  painting  a  band  of 
chlordane   solution  around  the  lure.      Chlordane   solution, forced  under   the 
baseboard  by  an  automobile   force  oiler,  controls   the  pavement   ant   and  also 
larvae  of   the   carpet  beetle.      Chlordane   should  be  painted  along  the  founda- 
tion  sill   so  that   the  ants   have  to  cross   the   treated  areas. — Schmitt    (^Qk) , 

Vasmannla  auronunctata   (Roger),    the  little   fire  ant 

Chlordane    spray  at   0,05  percent   reduced  the  number   of  little   fire   ants 
to  4  per  linear  foot  of  guava  tree  trunk  3  days  after  application  and  0.10- 
percent  and   0.50-percent   sprays  reduced  the   numbers  to  2  and  0.     The   number 
of  ants  was   still   zero  5^  days  after   the  application  of  the  0.50-percent 
chlordane   spray  and  a  spray  of  DDT,    3  pounds  of  50-percent  wettable  per 
100  gallons  of  water. — Wolfenbarger   (5,0.7) . 

Chlordane    spray  was  prepared  by  dissolving  8  ounces  of   the   technical 
grade  of  the  toxicant  in  one-half  gallon  of  Number  2  fuel  oil,  adding  19 
ml.    of  phthalic  glyceryl  alkyd  resin  to  make  a  stock  emulsion,   and  then 
diluting  the   emulsion  with  water   to  make  100  gallons.      The    spray  was  applied 
thoroughly  with  a  power  outfit   to   the   tree   trunks  and   larger  lower   branches. 
Approximately  k  gallons  of    spray  was  used  per  tree.      The    infestations  was 
significantly  reduced  for  a  period  of  at  least   12  weeks.     Number    2  fuel   oil 
alone  at  a  strength  of  0.5  percent  was  of  no  value.— Osburn   (354) . 

Unidentified  ants 

As  a  spray,  as  a  dust,  or  mixed  with  fertilizer,  chlordane  gives  ex- 
cellent control  of  ants  at  rates  as  low  as  one  pound  to  the  acre.  It  may 
also  be  used  as  a  bait. — Kelsheimer    (252) . 

In  Florida  a  2  l/2-percent   chlordane   dust  resulted   in  90  to  95  percent 
control   of   the   common  species  of  ants  found  in  groves   in   the    central   part 
of   the   state;    a  5-percent  dust  destroyed  all   treated  colonies.     A   dust   con- 
taining 2  1/2-percent   chlordane  and  10-percent  DDT  has  also  resulted   in 
3  00  percent   control   of  ant   colony.     The  best   method  of  killing  out   a  colony 
of  ants  around  the  base   of  a  tree   is   to   mix  a   small  amount   of  chlordane 
dust  with  the  top   inch  of   soil   where   the  ants  are  working  and    then   sprinkle 
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an  additional  amount  over  the  top  of  the  soil  and  around  the  base  of  the 
tree.  The  leaf  eating  or  agricultural  ants  can  he  controlled  by  sprinkling 
the  chlordane  dust  over  the  whole  surface  around  the  entrance  to  the  nest. — 
Thompson  and  Griffiths  (Mb). 

A  2-percent  spray  of  chlordane  was  recommended  by  the  U.  S.  Bureau  of 
Entomology  and  Plant  Quarantine  (j££L)  in  August  19^+9  for  the  control  of 
ants.  Apply  it  directly  into  cracks  or  openings  frem  which  ants  are  emerg- 
ing, and  onto  the  surfaces  immediately  surrounding  those  openings.  Then 
they  will  have  to  crawl  over  the  deposit  of  insecticide  that  remains. 
Chlordane  spray  can  also  be  applied  directly  to  the  nests  of  ants. 

A  mixture  of  lindane  and  chlordane  has  been  suggested  to  accomplish 
both  quick  kill  of  ants  and  to  have  long-lasting  residual  action. — 
Toffaletti  (457). 

Tenthredinidae 
Macrocentrus  ancylivorus  Eoh. 

See  under  Grapholitha  molesta. — Bobb  (38) 

DIPTEEA 

Agromyzidae 

Liriomyza  flaveola  (Fall.),  the  serpentine  leaf  miner 

A  5-percent  chlordane  dust  gave  the  most  effective  field  control  of 
this  insect  attacking  tomatoes  in  Florida.— Kel she imer  (248) . 

Sprays  containing  from  1  to  2.25  pounds  of  chlordane  per  100  gallons 
and  a  5-percent  chlordane  dust  (7»5  pounds  toxicant  per  acre)  gave  satis- 
factory control  of  this  insect  on  field  grown  asters  in  southern  California. — 
Jefferson  and  Pence  (239.  240) . 

Chlordane  50-percent  wettable  powder  at  2  pounds  per  100  gallons  of 
water  was  inferior  to  parathion  and  toxaphene  against  the  serpentine  leaf- 
miner  attacking  tomatoes  in  the  Florida  Everglades. — Hayslip  (212). 

In  a  large  plot  test  in  southern  Florida  in  19^7  chlordane  emulsion 
(81  percent)  at  2.3  pounds  toxicant  per  100  gallons  of  water  gave  97  percent 
control  of  the  serpentine  leaf  miner  on  potatoes. — Wolfenbarger  ( 508) . 

Liriomyza  orbona  (Meig.),  the  pea  leaf  miner 

Five  applications  of  a  5-percent  chlordane  dust,  applied  by  means  of 
a  power  driven  duster  at  the  rate  of  26  pounds  per  acre  for  each  application, 
gave  98  percent  control.  Laboratory  tests  using  known  deposits  of  chlordane, 
benzene  hexachloride,  DDT,  and  hexaethyl  tetraphosphate  indicated  that  chlor- 
dane was  the  most  effective,  killing  100  percent  of  the  adult  flies  in  16 
hours  with  a  dosage  of  2  micrograms  per  10  square  inches  of  surface. — Lange 
and  Smith  (283). 
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Calliphoridae 

Callitrora  americana,  (C.   &  P.),    the   screw-worm 

Chlordane   is  among   the   most   effective    insecticides    tested  against 
screw-worm  larvae. — U.    S.   Bur.   Ent.   amd  Plant  Q,uar.    (4-68) . 

Callitroga  macellaria   (F»),    the   seccndary   ecrew-worn 

Phormja  regina   (Meig.),    the  "black  "blow  fly 

At  Kerrville,    Texas, in  19^-7   sheep  were   infested  "by   implanting  the   newly 
hatched  larvae  of    several  "blow  flies,   principally      these    species  on  a  very 
small  piece   of  ground  beef  which  had  "been  rubbed   into   the  wool  on  the 
animal's  rump.     On  either   the    second  or   third  day  after    implantation,   de- 
pending on  weather   conditions  and   the  development   of  the   larvae,    the   in- 
festation was   treated.      Each  of   the   chemicals  was  used  at  a  concentration 
of  2  percent.      Chlordane   and  the   gamin  isomer   of   benzene  hexachloride    (83 
percent  pure)  protected  sheep  against  reinfestation  for  relatively  long 
periods  of  time,   but  in  these  tests  neither  remained  effective  as  long  as 
toxaphene. — Graham  and  Eddy   (193). 

Phormia  spp. 

Chlordane  is  effective  in  protecting  sheep  from  fleece  wcrr.  attack. — 
Bishopp  and  Enipling  C&)l  Laake  (280) ;  U.  S.  Bur.  Ent .  and  Plant  ^uar.  (465). 

Cecldomyiidae 

Phytophaga  destructor,  (Say),  the  hessian  fly 

Chlordane  dust  was  applied  by  airplane  in  September  19^7  to  Colorado 
wheat  fields.  This  gave  some  control.  Because  of  winds  airplane  dusting 
is  not  the  proper  means  of  application. — Colo.  Div.  Agr.  (78) . 

Culicidae 

Aedes  ae^ypti    (L.),    the  yellow-fever   mosquito 

A  dilution  of  0.2  p. p.m.   cklordane   in  water   killed  100  percent   of   the 
larvae   in  48  hours;    0.063  p. p.m.    killed  50  percent.     DDT  was  more   toxic, 
0.C5  p. p.m.   killed  100  percent  and  0.014  killed  50  percent. — G-insburg   (l?5). 

Insects   confined   in  a  small    screen-wire   cage  were   exposed   for   10 
seconds   in  a  100-cubic   foot   cabinet   in  which  chlordane  dissolved   in  cyclo- 
nexanone   had  been   sprayed  20   seconds  previously.     A  5-percent   concentration 
of   chlordane   gave   15  percent   knockdov/n   in  30  minutes  and   99  percent   mortal- 
ity  in  24  hours.      The   calculated  concentration  giving  °0  percent   mortality 
was:      gamma  benzene  hexachloride  0.4;    DDT  l.C;    chlordane   3:    and  toxaphene 
27.     Vhen  tested  as  residues  on  plywood   surfaces     at  dosages   of  50,    100, 
200,    and  400  ng.   per   square  foot,   DDT  was    the   only  one   of    these    four   coro- 
poiinds   stil]    cau3ing  high  mortality  of  mosquitoes  at    the   ond   of   ?6  weeks 
at   all   do  cares. — Gakan   e_t   aj...    ( 1 62  ) . 
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As  a  space   spray  chlordane  is  slightly  more  effective  than  DDT  against 
house  flies,  hut  less  toxic  to  yellow-fever  mosquitoes.      Chlordane,   like 
DDT,   is  slow  in  its  effect  on  insects.     When  compared  on  the  "basis  of   speed 
of  kill,  DDT  was  more  rapid  against  mosquitoes.     When  evaluated  from  the 
standpoint  of  residual  action  against  house  flies,   chlordane  in  dosages  of 
50  to  100  mg.  per   square  foot  of  surface  remained  effective  for  9  and  24 
weeks,  respectively,  when  the  flies  were  exposed  for  2  hours.     Similar  re- 
sults were  ohtained  with  yellow-fever  mosquitoes.      In  field  tests   in 
Florida,  when  applied  by  airplane  or  with  ground  equipment,  DDT  was  more 
effective  than  chlordane  in  killing  mosquitoes  present  at  the  time  of 
treatment,  and  also  exhibited  longer  residual  effects. — Knipling. — Knipling 
(26k.   265). 

A  single  dose  of  chlordane  was  administered  orally  to  rabbits  at  a 
dosage  of  300  mg.  per  kg.     When  undiluted  chlordane  in  a  gelatin  capsule 
was  fed  the  animal,   the  mortality  of  mosquitoes  feeding  on  the  rabbit  was 
4  percent  after  1/4-  day.     When  administered  as  a  10-percent   solution  in 
corn  oil   (5  mg./kg.)   through  a  stomach  tube,   the  mortality  of  mosquitoes 
was  99  percent  after  4  days,  but  the  rabbit  died. — Knipling  e_t  al,.    (266). 

Aedes  communis   (Deg. ) 

A  series  of  laboratory  tests  with  various  insecticides  were  made  on 
fourth-instar  mosquito  larvae  collected  in  mountain  areas  in  Oregon. 
Identification  of  the  several  lots  used  showed  93  percent  Aedes  communis t 
6  percent  A.  hexodontus.   and  1  percent  Aede s  sp.     The  temperature  ranged 
from  50°  to  60°  P.   in  the  various  tests.       DDT,   added  as  an  acetone  solu- 
tion to  1  part  in  600  million  parts  of  water,  killed  about  85  percent  of 
the  larvae   in  48  hours.     DDT  and  gamma-BHC  were  about   equally  toxic,   and 
toxaphene,   chlordane,   and  methoxychlor  were  somewhat  less  effective. — 
Roth^et  al.    (400). 

Aedes   sollicitans    (Wlk.),    the   salt-marsh  mosquito 

Chlordane  sprays  applied  both  from  airplanes  and  with  ground  equipment 
proved  inferior  to  DDT  as  a  larvicide.—  Fluno  ejb  al.    (150):  Knipling  (264.) . 

Chlordane  in  fuel  oil   solution,   applied  by  hand  equipment   in  the  fall 
of  1947  in  Alaska  at  1  pound  per  acre,   gave  66  percent  control  of  Aedes 
mosquitoes. — Travis  et  al.    ( 459 ) » 

The  effectiveness  of  prehatching  treatments  for  the  control  of  arctic 
mosquitoes  was  studied  in  1947  and  1948  at   Churchill,  Manitoba,   Canada. 
These  treatments  were  applied  before   the  spring  thaw  to   snow  and  ice  cover- 
ing potential  breeding  areas.     DDT,   in  a  wettable  powder   (50  percent)  and 
an  emulsion,   gave  complete  control  of  larvae  at    0»1  pound  per  acre.     Chlor- 
dane and  methoxychlor  were  slightly  and  toxaphene  considerably  less  effec- 
tive than  DDT.—McDuffie  e_t  al   (30?). 

Aedes  taeniorhvnchus   (Wied.) 

Same  as  for  A.    sollicitans. — Fluno  e_b  al.    (150). 
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Aedes   spp. 

Tests  were   made  against  Aedes  mosquito  larvae   on  1*4-6  one-eighth  to 
one-half-acre  plots   near  Anchorage,   Sklutna,    and  Gulkana,  Alaska.      Nine- 
teen tests  were  also  made  against   Cullseta  larvae.     DDT  oil   solutions 
were    mora   effective   than  fuel-oil    solutions   of   chlordane.     Against 
Cullseta  larvae  DDT,    in  fuel-oil   and  in  water   emulsions,    was    superior   to 
fuel-oi}.   solutions  of  chlordane.      Five-percent    chlordane   in  fuel-oil  at 
0.2  pound  toxicant  per  acre   killed  62  percent   of  Aedes  larvae   in  48  hours; 
the   same   dosage   of  DDT  killed  98  percent. — G-jullin  e_t   al.    (178). 

Studies  were  conducted  at  Ft.   Churchill,   Manitoba,    Canada  in  1947  and 
1948   to  compare   the  effectiveness  of  new   insecticides  against   arctic   species 
of  Aedes  mosquito  larvae.      Chlordane  was  less   toxic   in  oil   solutions   than 
DDT,  but   gave   comparable   kills  as  emulsions  at   a  dosage   of  0.1  pound  per 
acre.      None   of  the  materials  at   the  dosages   tested  was   effective  against 
pupae.— McDuf fie  et  al.    (308). 

Anp-pheles  crucians  Wied. 

Sane   as   for  £.   quadr imaculatus   in  residue   tests   in  "buildings. — G-ahan 
et  a.\.    (162). 

Anopheles  quadr  imaculatus   Say,    the    common  malaria  mosquito 

The  residual    toxicity  of   chlordane,   DDT,    and  gamma  "benzene  hexachloride 
was   compared  "by  applying  emulsified  xylene   solutions  of   the   compounds   to   the 
surface   of  wallboards,   which  were   then  exposed  at   intervals   over   a  period 
of  l6  weeks   to  adult  Anooheles  quadr imaculatus.      The   increase   in   time   re- 
quired to  produce   a  100-percent   knockdown  as   the    treated   surfaces  aged  was 
used  as  an  index  of  loss   in  effectiveness  of  the  compounds,   by  volatiliza- 
tion,   absorption,    or   other   means.     After  l6  weeks  of  aging,    the   time  re- 
quired for  ganma  benzene  hexachloride   treatment   to  produce  a  100-percent 
knockdown  had   increased  by  a  factor   of  10  over   its   initial   knockdown   time. 
In   the    same  period   the   time  required  for   the  chlordane   treatment    to  pro- 
duce a  100-percent   knockdown  had  increased  by  a  factor   of  3,   whereas,    that 
of  DDT  remained  approximately   constant.      It  would  seen   that   of   the   three 
materials  DDT  will   provide   the  most  permanent   toxic    surface.      It    is  believed 
that   the  loss   in  residual   effect   from  chlordane   and  gamma  benzene   hexa- 
chloride  is  due    to    their   greater  volatility,    the   latter  being  the  more 
volatile   of  the   two.     Preliminary  volatility  measurements   indicate   chlor- 
dane  to  be   considerably  more  volatile    than  DDT.     A   series  of    tests   made 
to   compare   the   larvicidal   properties   of  chlordane,   DDT,    and   rai^ft  benzene 
hexachloride   to   the   larvae   of  Anooheles  quadr imaculatus  resulted   in   the 
conclusion  that    there  was   no   significant   difference   in  the   t  :-is 

when  applied  as   acetone   suspensions,    emulsions,   and   dusts. — Hearns   e_t   al. 

(245).  ' 

At  the  Orlando,  Florida  laboratory  of  the  Bureau  of  Entomology  and. 
Plant  Quarantine  it  was  found  that  the  toxicity  of  chlordane  war-     '  ically 
identioal  with  that  of  DDT  to  larvae  of  the  malaria  mosquito  (0.01  p.p.m. 
killed  98.3  percent  in  each  case  in  48  hours). — Bishopp  (J2) ;  Knipling 
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Thi3  species  was  somewhat  more  susceptible  than  Aedes.  aegvpt.j  to  chlor- 
dane  spray  residues.  Buildings  sprayed  with  2.5  percent  chlordane  in  kero- 
sene to  give  a  deposit  of  200  rag.  chlordane  per  square  foot  remained  almost 
free  of  mosquitoes  for  2  or  3  weeks,  whereas  in  the  DDT-treated  "buildings 
the  number  remained  very  low  for  15  weeks, — G-ahan  _et  al.  (l,62). 

Chlordane  may  he  effective  as  a  residual  poison  on  wallpaper  for  three 
months  under  certain  conditions.  The  type  of  surface  for  residual  insecti- 
cide application  is  highly  important.  At  the  end  of  29  weeks  DDT  was  more 
effective  than  benzene  hexachloride  or  chlordane  applied  on  a  beaver  wall 
board.  The  toxicity  of  chlordane  on  clay  was  very  low  after  one  week. 
Chlordane,  benzene  hexachloride,  and  DDT  were  much  more  effective  on  wall 
board  than  on  clay.  Chlordane  spray,  200  mg.  per  square  foot,  was  ineffec- 
tive a  week  after  application  on  an  all-metal  shed. — Cutkomp  (95) . 

The  various  insecticides  in  order  of  their  residual  effectiveness 
against  adult  A.  quadr  imaculatus  mosquitoes  and  house  flies  over  a  26-week 
period  were  DDT,  benzene  hexachloride,  chlordane,  toxaphene,  and  TDE  (DDD). 
Chlordane  was  tested  in  three  combinations J  (a)  a  5-P©r cent  chlordane  kero- 
sene emulsion  prepared  by  diluting  a  25-percent  chlordane,  5-percent 
Triton  X-100,  kerosene  concentrate  1:4  with  water;  (b)  a  5-percent  chlor- 
dane xylene  emulsion  prepared  by  diluting  a  35-percent  chlordane,  4-percent 
Triton  X-100,  xylene  concentrate  1:6  with  water;  and  (c)  a  2.5  percent 
chlordane  xylene  enulsion  prepared  by  diluting  the  35  percent  concentrate 
1:13  with  water.  Application  of  200  mg.  chlordane  per  square  foot  was  not 
satisfactory  against  adult  female  A.  quadr imacul  atus,  at  the  end  of  a  16- 
week  period.  A  100— ag.  dosage  was  not  satisfactory  at  the  end  of  an  8-week 
period.  Application  of  200  mg.  chlordane  per  square  foot  against  adult 
house  flies  was  satisfactory  for  at  least  8  weeks,  while  application  of 
100  mg.  was  not  satisfactory  even  at  the  end  of  1  week. — Fay  §t   al.  (136). 

Insectary-reared  Anopheles  quadr  imacul atus  mosquitoes  were  released 
in  rooms  which  had  been  sprayed  with  insecticides  at  the  rate  of  200  mg. 
of  the  active  ingredient  per  square  foot.  Chlordane,  applied  as  a  5-per- 
cent  xylene  emulsion  and  as  a  5-percent  kerosene  emulsion,  compared 
favorably  with  DDT  in  initial  knockdown,  but  displayed  a  shorter  residual 
life.   It  was  slightly  more  effective  when  sprayed  as  a  kerosene  emulsion 
than  as  a  xylene  emulsion. — McCauley  jit  aJL,.  (306):  Quarterman  (380,). 

Culex  pipiens  molestus  Forskal 

A  strain  of  this  mosquito  which  was  unaffected  by  contact  with  0.2 
mg.  DDT  per  square  centimeter  on  glass  was  sensitive  to  1/2  this  quantity 
of  chlordane. — Mosna  (334) . 

Culex  -pj-plens  var.  pall  ens  Coq. 

Mosquito  pupae  were  immersed  in  aqueous  emulsions  of  toxicants  made 
by  diluting  a  solution  of  3  parts  toxicant,  15  parts  solvent  naphtha,  and 
12  parts  sulfonated  oil  to  varying  concentrations.   It  was  concluded  that 
chlordane  is  about  9  times  as  toxic  as  £,2* -DDT  at  the  LD-50;  and  about 
5  times  as  toxic  as  ^.E1 -DDT  at  the  LD-99.87. — Nagasawa  (342). 
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Psorophora  ell lata  (F.) 

P.  confinnis  (L.  Arr.) 

Same  a3  for  Aedea  aollicltans. — Fluno  fil  fil.    (112) • 

Unidentified  mosquitoes 

As  a  larvicide  for  anopheline  and  several   species  of  cullcine  mos- 
quitoes,  chlordane  generally  proved  inferior  to  DDT  in  both  laboratory 
and  field  tests.— Knipling   (264). 

In  laboratory   tests  chlordane  proved  highly  toxic   to  the  four th-instar 
larvae  of  eleven  species  of  California  mosquitoes. — rCichelbacher    (326) . 

Hippoboscidae 

Melophagus  ov inus  (L.),  the  sheep-tick,  sheep  ked 

Chlordane  sprays  have  given  excellent  control.—  Knipling  (264). 

Puparia  were  dipped  in  0.5  percent  suspensions  of  Insecticides  and 
held  at  room  temperature  (67-30°  F.)  or  at  a  constant  temperature  of  80° 
F.  and  a  relative  humidity  of  50  to  70  percent.  Chlordane  caused  little 
if  any  mortality  of  pupae.  The  addition  of  a  wetting  agent  did  not  enhance 
the  effectiveness  of  the  materials. — Hoffman  (22l). 

Sheep  ticks  exposed  to  24  mg.  chlordane  per  square  foot  at  70°  F. 
suffered  65  percent  mortality  and  at  90°  F.  they  suffered  98  percent  mortal- 
ity.—Hoffman  e_t  al.  (224). 

A  0.125  percent  chlordane  emulsion  was  effective  in  dipping  testa,  but 
less  effective  when  applied  as  a  spray.  A  2-percent  chlordane  dust  gave 
poor  control. — Tibbetts  and  Sorenson  (45^) . 

In  tests  at  Corvallis,  Oregon  ticks  collected  from  sheep  were  exposed 
on  khaki  wool  patches  thAt  had  been  dipped  in  an  acetone  solution  of  the 
insecticide.  After  exposing  the  ticks  for  30  minutes  at  70°  F.,  they  were 
transferred  to  beakers  containing  bits  of  cheesecloth  and  kept  at  70°  to 
80°  and  an  average  humidity  of  about  75  percent.   Chlordane  was  one  of  the 
insecticides  which  failed  to  give  100  percent  mortality  in  24  hours  on  cloth 
treated  at  the  rate  of  25  mg.  of  insecticide  per  square  f  oot .— GJullin  (176). 

Dipping  tests  showed  that  0.2  and  0.5  percent  concentrations  of  chlor- 
dane caused  complete  or  nearly  complete  control  of  sheep  ticks  during  the 
entire  110-day  period  of  the  test.  Wool  samples  collected  from  the  treated 
sheep  and  exposed  to  houaeflies  showed  a  high  decree  of  toxicity  for  chlor- 
dane at  the  0.05  percent  concentration.  When  Shropshire  ewes  in  heavy 
fleece  were  sprayed  with  2.7  quarts  of  0.2  percent  chlordane,  not  all  the 
sheep  ticks  were  killed. — Fairchild  ej.  al.  (13t):  U.  S.  Eur.  Ent.  and  Plant 
Quar.  (463). 
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Hypodermat  idae 

Hypo  derma  lineatum  (De  Vill.),   the  common  cattle  grub 

H.  bovis   (L.),    the  northern  cattle  grub 

In  Ashland  County,  Ohio, 23  insecticide  formulations  were  tested  on  9k 
animals  for  cattle  grub  control.     A  mixture  of  5  percent   chlordane   and  95 
percent  linseed  oil  gave  5^*5  percent  mortality;   a  mixture  of  5  percent 
chlordane,   5  percent  water,   and  90  percent  lanolin  gave  91*9  percent  mor- 
tality.—Telford  (TO). 

Emulsions  and  wettable  powder  sprays  containing  up  to  1.5  percent 
chlordane,   applied  as  a  wash  and  with  a  high  power   sprayer,   caused  less 
than  20  percent  mortality  of  the  cattle  grub  larvae.     Dusts  containing  up 
to  5  percent   chlordane  also  proved  ineffective. — U.   S.  Bur.  Ent.  and  Plant 
Quar.~  0+68):  Bishopp  and  Knipling  Qi±). 

A  spray  containing  4  pounds  of  50-percent  wettable  chlordane  per  100 
gallons  of  water  and  a  spray  containing  1  gallon  of  15-percent  emulsifiable 
chlordane  concentrate  per  100  gallons  of  water,   were  ineffective.     The 
sprays  were  applied  at  350  to  400  pounds  pressure. — ]Purman  and  Douglass   (l6l) . 

Preliminary  laboratory  work  indicated  that  a  1.5  percent   suspension  of 
chlordane  prevents  the  eggs  from  hatching.     A  spray  containing  2  percent 
chlordane   (as  a  wettable  powder),  applied  k  times  at  2-week  intervals  to 
cattle,  resulted  in  an  average  of  12.2  grubs  per  animal  being  removed  as 
compared  to  39.9  in  the  untreated  check.     Jhe  insecticides  were  applied 
with  a  power   sprayer  at  a  pressure  of  300  pounds  per   square  inch.     Special 
care  was  taken  to   see  that  the  entire  surface  of  each  cow's  body  was  wet 
to  the  skin  and  an  average  of  5  gallons  of   spray  material  per  animal  was 
used.     Three  of  ten  cows  sprayed  with  chlordane  died  after  the  fourth 
application  and  this  treatment  was  discontinued.-- Graham  (192). 

* 
Muse idae 

Hylemva  ant i qua  (Meig.),  the  onion  maggot 

The  common  onion  maggot,  and  the  black  onion  fly,  Trltoxa  flexa 
Weidemann,  were  controlled  successfully  during  19^  in  Minnesota  by  chlor- 
dane in  large  field  plots  of  commercial  onions  and  in  the  laboratory. — 
Granovsky  (lft^). 

Hvlemya  brassicae  (Bouche),  the  cabbage  maggot 

At  Corvallis,  Oregon  in  19^7  a  5-percent  chlordane  talc  dust  applied 
to  the  soil  at  the  rate  of  27.5  pounds  chlordane  per  acre  was  ineffective 
in  preventing  maggot  injury  to  radishes,  kohlrabi,  broccoli,  mustard,  and 
rutabaga. — Crowell  e_t  al .  (91 ). 
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Chlordane   gave  the   "best   results   against  cabbage  maggot   in  radishes  of 
all   materials   tented.     A  dust   containing  0.4  percent   of  chlordane  permitted 
only  1.8  percent   infestation,    whereas  untreated  plants  had  an   infestation 
of  52.4  percent.     A   snray   containing  0.1   percent   of   chlordane   p^rr.itted  4 
percent   average   infestation,      a  "better  result   than  was  obtained  with  BHC, 
toxaphene,   mercuric   chloride,    and  DDT. — Dills  and  Odland    (104,   106). 

At  Puyallup,   Washington  a  5-percent   chlordane  dust  permitted  26.4  and 
26.2  percent  maggot   infestation  in  broccoli   two  and  four   months  after   trans- 
planting.— Stitt  and  Eide    (440). 

Hylemya  cillcrura   (Rond.),    the    seed-corn  maggot 

Seed  treatment   gives  little  promise  as  a  control  measure  fcr   the   seed 
ccrn  maggot.     A  5-percent   chlordane  dust  used  as  a   scil   treatment  reduced 
maggot   injury,   but   imparted  a   slight  flavor   to  dried  beans. — Eistich  and 
Schwardt   (394). 

Chlordane  at  5  pounds  per  acre  mixed  with  4-12-4  fertilizer  was  highly 
effective.— Floyd  and  Smith  (147.   149). 

Musca  domestlca  L.,   the  house  fly 

Although  chlordane    is   somewhat  more  effective   than  DDT  to  house   flies 
on  the  basis  of  initial  killing  action,    it  lacks  the  lasting  effects  of  DDT. 
In  laboratory  tests   surface  treatments  at  the  rate  of  200  mg.   per   scuare 
foot  gave  complete  or  near   complete  kill   of  flies  exposed   for  two  hours  aa 
long  as  28  weeks  after  treatment.     DDT,   however,  was  still  completely  ef- 
fective after  36  weeks  even  at  the  lew  rate  of  50  n>6«   per  square  foot. — 
Bishopp   C22);   Bishopp  and  Knipling  (2k);  U.   S.  Bur.  Ent.   and  Plant  Quax. 
(i±68). 

The  relative   toxicity  of  chlordane  and  DDT   to  the  adult   house  fly  was 
measured  by   the   "large   group"   Peet-Grady  procedure.     Under   the   conditions 
of  the  tests   it  was  found  that   0.2-percent  DDT  or   0.05-percent   solutions 
of   chlordane   are  required  to  produce  a  95  percent  mortality   in  24  hours.     A 
median  lethal    concentration  was  estimated  from  probit-log  dosage   curves 
which  indicated  that  a  0.06-percent    solution  of  DDT  or   a  0. 02-percent    solu- 
tion of   chlordane  would  be  required. — Eearns  £t   aJL.    (245) . 

Chlordane  acts  as  a  fumigant  as   shown  by   tests   in  which  house   flies 
were  exposed   to  vapors  from  residual   deposits. — Hoffman  and  Lindquist    (222). 

Chlordane  was   mixed  with  food  and   fed   to  larvae  of  Musca  domertica. 
Tribollum  confusum.   Ephestla  kuehnlella.    and  the  adults  of  Sito-ohilus 
granariuo.      The  recults   obtained  with  chlordane   and  with  gamma  benzene  hexa- 
chloride  ar^  very   similar,   both   compounds   showing  median  lethal   concentra- 
tions of  less    than  50  parts   oer  million  to   all   four    species. — Brown  e_£  al. 
(i2). 

The   toxicity    to  house  flies  of  surface   coating  containing  chlordane 
was  determined  by  painting  the    inside   of   a  small  box  with  riytures   of  20 
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percent  of  chlordane  and  80  percent   of  urea- formaldehyde,   nitrocellulose, 
or  polymerized  diolefins  dissolved  in  a  vehicle.     The  time  for  knockdown  of 
flies  placed  in  the  "box  was  greater  for  chlordane  than  for  DDT  in  all  three 
coatings. — Block   Q6,  %0  • 

Flies  confined  in  a  small   screen-wire   cage  were  exposed  for  2-minutes 
in  a  100-cubic  foot  cabinet   in  which  chlordane  dissolved  in  cyclohexanone 
had  "been  sprayed  30   seconds  previously.     A  5-percent  concentration  of  chlor- 
dane gave  8  percent  knockdown  in  30  minutes  and  100  percent  mortality  in  24 
hours.     The  calculated  concentrations  giving  90  percent  mortality  were: 
gamma  "benzene  hexachloride  0.17;   DDT  1.0;    chlordane  0.88;   and  toxaphene 
4.9.      In  residue  tests   (10  mg. /sq.ft.)   chlordare  was  superior   to  DDT  in 
kill  of  flies  after  8  weeks. — Gahan  e_t  al.    (l62). 

A  mixture  of  0.8  percent   of  Van  Dyk  264  [N-(2-ethylhexyl)bicyclo- 
(2.2.1 )-5-heptene-2t3-dicarDoximide],   0.2  percent  of  pyrethrins,   and  0.2 
percent  of  chlordane  in  Peet-Grady  tests  gave  a  10-minute  knockdown  of  99 
percent  and  a  24-hour  kill  of  98  percent.      It  requires  a  concentration  of 
2  percent  of  Van  Dyk  264  plus  0.025  percent  pyrethrins  to  give  satisfactory 
kill  and  knockdown  of  house  flies.     When  0.2  percent  of  DDT  or  chlordane 
was  added,   the  concentration  of  the  compound  could  he  reduced  to  1  percent 
and  a  satisfactory  kill  and  knockdown  obtained. — Hartzell    (207). 

Toxicity  of  insecticides  expressed  in  terms  of  percent  mortality  or 
LD-50  may  vary  greatly  in  different  laboratories  and  at  different   seasons 
of  the  year,  even  if  the   same  equipment  was  used.     Toxicity  index,  which  is 
used  as  a  relative  value  to  express  the  toxicity  of  insecticides,    is 
defined  as  the  ratio  between  the  LD-50  of  a  standard  insecticide  and  the  LD- 
50  of  the  test  sample, multiplied  by  100.     The  toxicity  of  technical  chlordane 
to  house  flies,  determined  by  the  tunnel   spray  method  of  Eoan  and  Kearns, 
varied  from  154  to  190  (alpha  chlordane  -  100).     The  toxicity  index  of  alpha 
chlordane  (a  stereoisomer  of  chlordane,  m.p.  101-102.5°   C.)  was  6,^   (diel- 
drin'rr  100)   or  12.1   (aldrin  =  100).— Sun  (447) 

The  effect  of  temperature  on  speed  of  knockdown  and  mortality  of  house 
flies  exposed  to  residues  of  several  chlorinated  hydrocarbons  was  deter- 
mined by  exposing  house  flies   (l)   continuously  at  constant  temperatures  of 
70°  and  90°  F.  and   (2)  for  predetermined  periods  (l  to  20  minutes)  at  70° 
and  90°  and  then  holding  them  for  24  hours  at  the  same  temperature  at  which 
they  were  exposed.     At  a  dosage  of  50  mg.  per  square  foot  chlordane  re- 
quired 100  minutes  for  knockdown  at  70°  F.   and  63  minutes  at  90°  F. — 
Hoffman  and  Lindquist  (223). 

A  deposit  of  144  mg.  chlordane  per  square  foot  of  plywood  panel  killed 
100  percent  of  NAIDM  house  flies  exposed  for  5  minutes. — Hansens  and  G-oddin 
(2Q2). 

In  1948  in  California  a  comparison  of  the  chlorinated  insecticide  for 
fly  control  in  dairy  barns  showed  BHC     to  be  the  most   satisfactory  material 
for   the  replacement  of  DDT.     Only  the  barn  walls  were  sprayed  -  not  the 
animals.     Chlordane  at  50  pounds  per  100  gallons  of  water  was  slow  in  knock- 
down,  gave  an  excellent  clean-up,   and  lasted  for  from  1  to  4  weeks. — Dietz 
(102). 
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Insecticides  were  applied  on  various  surfaces  and  exposed  to  different 
environmental  conditions  in  several  experiments  to  determine  their  residual 
toxicities  to  the  house  fly.  DDT  and  gamma-EEC  were  initially  the  most 
toxic  compounds.   The  other  three  materials  were,  in  order  of  their  dimin- 
ishing toxicity,  chlordane,  Rothane  D-3,  and  toxaphene.  BHC  gave  the  most 
rapid  knockdown,  followed  by  DDT,  Rho thane  D-3,  chlorcane,  and  toxaphene. 
Vapors  from  gamma-BHC  were  about  three  times  as  toxic  to  flies  as  those 
from  chlordane;  both  were  extremely  toxic  as  fumigants.  The  order  of  per- 
sistence of  the  residual  treatments  was,  from  the  most  to  the  least,  DDT, 
Rhothane  D-3,  toxaphene,  chlordane,  and  BHC. — Bruce  (5^)« 

Cristol  (88)  in  19^9  examined  the  hypothesis  that  the  insecticide! 
activity  of  various  polychloro  insecticides  is  due  in  large  measure  to  the 
ability  of  the  compound  to  liberate  hydrogen  chloride  at  the  site  of  action 
of  the  insecticide.   The  relative  toxicities  to  the  house  fly  of  the 
various  constituents  of  technical  chlordane  were  as  follows: 

Relative  effective  dosares 
(Technical  chlordane  =  0.01 ) 

Heptachlor  .00*4-3 

Octachlor,  active  isomer  .0056 

Octachlor,  inactive  isomer  .017 

Nonachlor  .020 

In  reactions  with  0.04  M  ethanolic  sodium  hydroxide  at  k6°   C.  the 
insecticidally  active  octachloro  isomer  and  the  nonachloro  compound  reacted 
much  more  rapidly  than  the  heptachloro  compound  which  is  the  most  effective 
insecticidally,  showing  that  dehydrochlorination  with  alkali  and  insecti- 
cidal  activity  have  no  systematic  relationship. 

Gersdorff  e_t  al«  (173)  determined  the  relative  toxicities  of  certain 
chlorinated  hydrocarbons  to  the  house  fly  when  applied  as  space  sprays 
using  the  Campbell  turntable  method.  Crystalline  chlordane  was  about  two- 
thirds  as  toxic  as  technical  chlordane  which  proved  to  be  one-fourth  as 
toxic  as  aldrin  and  heptachlor.  None  of  the  sprays  made  with  the  chlorinated 
compounds  caused  appreciable  knockdown. 

Organic  insecticides  in  various  concentrations  and  formulations  were 
used  to  treat  15^  dairy  barns  in  Hew  York  in  19^+9.  Chlordane  emulsion,  6, 
12,  and  2k   pounds  of  toxicant  per  100  gallons  of  water,  provided  k  weeks  ox 
more  control  of  house  flies  in  these  barns  which  were  heavily  infested 
before  treatment.  A  mixture  of  chlordane  (6  lbs.)  and  DDT  (3  lbs.)  was  more 
effective  than  either  chlordane  or  DDT  alone. — Pimental  et  a^.  (367) . 

Same  as  for  Siphona  irritana. — Bruce  and  Decker  ( 56) . 

Same  as  for  Anopheles  quadr imaculatus . — Jay  e_t  a^  (136)  . 

Resistant  house  flies 

House  flies  that  had  developed  a  resistance  to  DDT  were  tested  against 
other  insecticides.  The  special  stock  was  distinctly  more  resistant  to  all 
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the  materials  tested  than  the  regular  colony.  Although  a  few  reversals 
occurred  in  the  individual  tests,  none  appeared  in  the  final  averages  at 
any  concentration.  To  obtain  equal  mortalities,  approximately  twice  as 
much  toxicant  was  required  for  the  special  stock  as  for  the  regular  stock 
with  DDT,  chlordane,  pyrethrum,  and  rotenone.  These  tests  show  that  the 
method  of  selection  resulted  in  the  development  of  an  unusually  strong 
stock  of  flies  rather  than  one  having  a  specific  resistance  to  DDT. — Wilson 
and  Oakan  (428). 

In  tests  made  in  southern  California  in  1949  against  resistant  house- 
flies  chlordane,  applied  as  a  40-percent  wettable  powder  at  50  pounds  per 
100  gallons  of  spray  (approximately  2.5  percent),  gave  an  excellent  initial 
clean-up  and  in  some  cases  residual  action  lasted  up  to  one  month.   In 
other  cases,  however,  reinfestation  was  very  severe  after  one  to  two  weeks. 
The  rate  of  fly  knockdown  "by  chlordane  is  slower  than  that  of  DDT. — March 
and  Metcalf  (ii). 

In  samples  of  flies  obtained  from  seven  localities  in  five  states 
heavy  deposits  of  wettable  chlordane  and  methoxychlor  were  nonrepellent  or 
even  slightly  attractive.  Eespraying  of  two  "barns  with  chlordane  emulsions 
and  two  with  suspensions  of  methoxychlor  provided  a  high  degree  of  control 
for  several  weeks. — King  and  Gahan  (263). 

Flies  from  6  barns  in  New  Jersey  which  had  been  sprayed  with  DDT  ex- 
hibited resistance  in  laboratory  tests  to  technical  DDT  and  p^'-DDT 
residues  of  144  mg. /square  foot.  All  these  resistant  flies  were  killed  in 
tests  using  residues  of  chlordane. — Eansens  et.  al.  (204). 

Specimens  of  a  wild  population  of  house  flies  that  had  survived  re- 
peated residual-type  applicaions  of  DDT  in  Ellenville,  New  York  were  cap- 
tured and  offspring  were  cultured  in  the  laboratory  through  three  genera- 
tions. Tests  were  made  to  determine  whether  this  line  of  flies  was  resist- 
ant to  DDT  and,  other  new  insecticides  as  compared  with  a  laboratory  line  of 
flies  whose  ancestors  had  never  been  exposed  to  these  insecticides.  The 
results  of  these  tests  showed  that  flies  of  the  Ellenville  line  were  highly 
resistant  to  DDT  and  related  compounds,  but  showed  no  resistance  to  certain 
unrelated  chemicals.  The  results  of  the  tests  with  technical  chlordane  are 
as  follows:  A  total  of  18  tests  were  made  in  which  flies  were  exposed  for 
2  hours,  1  hour,  30  minutes,  or  15  minutes  to  surfaces  to  which  144,  100, 
70,  or  14.4  mg.  of  the  active  material  had  been  applied  per  square  foot  of 
surface.  All  flies  exposed  to  surfaces  to  which  the  three  larger  concentra- 
tions had  been  applied  were  killed  as  were  those  exposed  for  1  hour  to  a 
surface  to  which  14.4  mg./ square  foot  had  been  applied.  The  percentages  of 
mortality  of  flies  of  the  laboratory  and  Ellenville  lines  exposed  to  the 
latter  surface  for  30  minutes  were  100  and  94«4,  respectively,  and  for  15- 
minutes  exposures  they  were  95.6  and  60,  respectively.  The  comparative 
rates  of  mortality  for  all  tests  in  which  387  flies  of  the  laboratory  line 
and  459  of  the  Ellenville  line  were  used,  were  99.7  percent  for  laboratory 
flies  and  98.5  percent  for  Ellenville  flies. — Barber  and  Schmitt  (26). 

In  another  series  of  tests  with  technical  chlordane  against  these 
same  2  lines  of  flies,  five  tests  were  made  in  which  flies  were  exposed 
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for  2,    5,   10,    or   15  minutes   to  a  surface   to   which  144  mg.   of   the  active   In- 
gredient had  "been  applied  per   square   foot.      Of   the   flies  exposed   for   2 
minutes  97.6  percent  of   the   laboratory  line  and   94.9  percent   of  the  Ellen- 
ville  line  were  killed.     All   flies  of   each  line  were  killed  when  exposed  for 
the  longer  periods   to   this  residue.     Of  210  flies  of   the   laboratory  line 
exposed  to   this  residue  an  average  of  99»5  percent  were  killed,    and  of  208 
flies  of  the  Ellenville  line   similarly  exposed  99*0  percent   were  killed. 
Five   tests  were  made  in  which  flies  were  exposed  for  15,    30,    or  45   minutes 
or  for  1   or  2  hours   to  a  surface   to  which  14.4  mg.    of   the   active   ingredient 
had  been  applied  per   square  foot.     Of  a  total   of  172  flies  of   the   labora- 
tory line  exposed  to  these   surfaces  an  average   of  66.9  percent  were    killed 
and  an  average   of  71 «1  percent   of  152  flies  of   the  Ellenville  line  were 
killed  hy  similar   exposures. — Barber  and   Schmitt    (27) . 

In  Italy  Bettini  and  Barachini  QO.  .21)  reported  that  flies  resist- 
ant to  high  doses  of  DDT  (5*3  g./sq.  m.)  all  died  when  they  came  in  con- 
tact with  chlordane  and  BHC. 

The  susceptibility  or  resistance  of  the  various   strains  of  flies   studiei 
was  determined  from  data  obtained  "by  topical  applications  of  the  toxicant   to 
the  thorax  of  female  house  flies.     Acetone   solutions  of  the  insecticides 
were  used  in  all   tests.     The  dosage-mortality  data  were  used  to  calculate 
the  LD-50  values  in  terms  of  micrograms  of  toxicant  per   gram  weight  of  fly. 
The  data  indicate  that  the  acquisition  of   tolerance  for  one  insecticide   con- 
tributes to  tolerance  for  the  others.     The  LD-50  of  chlordane  to  the  SAIDM 
strain  of  flies  was  8.2   (DDT  ■  16.8);   whereas  tc  the  flies  that  had  become 
resistant   to  DDT   (LD-50  =  18,728),   the  LD-50  of   chlordane  was  15. 6  micro- 
grams per  gram  weight  of  fly. — -Bruce    (5*5) . 

Two  strains  of  flies   (one  laboratory  reared,   the  other   collected  in 
the  field)  were  exposed  to  residues  of   seven  insecticides.     The  materials 
tested,    in  order  of  decreasing  effectiveness  to  the  non-resistant   flies, 
were  dieldrin,    gamma  isomer   of  benzene  hexachloride,    aldrin,   DDT,    chlordane, 
methoxychlor ,   and   emulsifiable  pyrenone.      The  field  collected  flies  were  7 
times  more  resistant  than    the  laboratory  reared  flies  to  DDT.     There  was 
no  detectable  difference   in  the  reaction  of  the   two    strains   to  dieldrin, 
gamma-BHC,    aldrin,    chlordane,    and  emulsifiable  pyrenone. — Pimentel   and 
Dewey   (366) . 

In  Denmark  DDT-resistant  and  control  flies  reacted  uniformly  toward 
chlordane. — Keiding  and  Van  Deurs    (242). 

In  Italy  flies  resistant   to  DDT  were    somewhat  more  resistant   to   chlor- 
dane   than  were  non-DDT-resi3tant   flies. — Alessandro  and  Smiraglia   (12) . 

Experiments  with  chlordane   and   other    insecticides  against  DDT-resist- 
ant   flies  are   critically  discussed  by  Patrissi  e^t  a^.    (359) . 

Siphona  lrrjtans    (L.),    the   horn  fly 

In  laboratory  knockdown  tests  against  the  hornfly  small  screen-wire 
cages  were  dipped   in  preparations  containing  0.5   percent   of  different 
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chlorinated  hydrocarbon  insecticides.  The  methoxychlor  caused  complete 
knockdown  in  5  minutes,  DDT  in  8,  TDE  in  17,  chlordane  in  53,  and  toxaphene 
in  73  minutes  in  tests  made  24  hours  after  the  cages  had  "been  dipped.  After 
2  months'  exposure  the  methoxychlor,  DDT,  TDE,  toxaphene,  and  chlordane 
caused  complete  knockdown  of  flies  in  12,  62,  152,  248,  and  3&0  to  720 
minutes,  respectively.  The  cage  treated  with  methoxychlor  apparently  lost 
little  of  its  effectiveness.  The  knockdown  of  flies  exposed  to  animals 
treated  with  the  insecticides  was  the  same  as  that  determined  in  the 
laboratory,  except  that  a  longer  time  was  required.— Eddy  and  Graham  (127) . 

Chlordane  has  "been  tested  on  animals  exposed  to  horn  flies  in  cages, 
and  in  field  tests  on  dairy  animals  in  Texas  and  "beef  animals  in  Kansas. 
Wettable  powder  sprays  at  concentrations  of  0.25  and  0.5  percent  chlordane 
(applying  an  average  of  approximately  2  quarts  per  nature  animal)  have 
given  good  control  of  horn  flies.  The  two  concentrations  protected  animals 
for  about  3  and  4  weeks,  respectively.  Chlordane  was  slightly  inferior  to 
DDT  for  the  control  of  horn  flies.-— Bishopp  and  Knipling  (.24);  Cuff  (£2); 
Laake  (280.);  Smith  (421);  U.  S.  Bur.  Ent.  and  Plant  Quar.  (46.8) . 

In  Illinois  chlordane  emulsion  was  as  effective  as  DDT  and  TDE  (DDD) 
emulsions  in  controlling  these  flies  on  milk  cows. — Bruce  and  Decker  (56^) . 

Stomoxvs,  calcitrans  (L»),  the  stable  fly 

The  speed  of  knockdown  and  kill  and  the  duration  of  effectiveness  of 
11  of  the  more  recently  developed  organic  insecticides  were  studied  in 
laboratory  tests  against  the  stable  fly.  Two  14-mesh  copper-wire  cages 
were  dipped  in  a  1  percent  solution  of  each  test  material  in  acetone.  One 
cage  was  held  indoors  while  its  duplicate  was  stored  outdoors,  fully  ex- 
posed to  the  effects  of  the  weather.  In  the  tests  made  24  hours  after  the 
cages  were  treated,  DDT  and  methoxychlor  proved  to  be  the  fastest  acting 
compounds  and  toxaphene  and  chlordane  the  slowest  acting.  From  the  stand- 
point of  knockdown  and  duration  of  effectiveness,  methoxychlor  and  the 
bromine  analog  of  DDT  appeared  to  be  superior  to  any  of  nine  other  com- 
pounds tested,  including  DDT.  Parathion,  aldrin,  and  toxaphene  appeared  to 
retain  their  toxic  properties  longer  than  did  TDE,  gamma-BHC  (95$),  com- 
pound 153,  heptachlor,  or  chlordane. — Eddy  and  McGregor  (128). 

Chlordane,  as  a  2-percent  water  suspension  made  from  a  50-percent  wet- 
table  powder,  proved  equal  to  DDT  in  the  control  of  house  flies  and  stable 
flies. — Muma  and  Hixson  (33^). 

Same  as  for  Slphona  irritans. — Bruce  and  Decker  (56). 

Psychodidae 

Psychoda  alternata  Say,  the  filter  fly 

In  June  1949  filter  flies,  which  had  become  tolerant  to  DDT,  proved 
susceptible  to  chlordane.  However,  the  third  and  fourth  chlordane  treat- 
ments were  considered  failures.  This  served  again  to  illustrate  the  rapid 
acquisition  of  insecticide  tolerance  by  insects  through  the  treatment  of 
the  larval  habitat,  the  filter  bed. —Bruce  (i£) . 
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Sar  c  o  phag  i  &  ae 

Many  species  of  flies,    including  Sar cophagidae, were  killed  "by  chlor- 
dano  3/^  or  1  pound  per  acre,   applied  for   the  control   of  grasshoppers. — 
Severin  (413). 

Simuliidae 

Slmulium  latipes  Fries 

S.  Tenustua  Say 

_S.  vlttatum  Zett. 

In  tests   in  Alaska  a  chlordane-acetone    suspension  was  not   effective 
against  larvae  at   0.5  p. p.m. — Gjullin  e_t   a^.    (177;. 

In  Alaska  chlordane  proved  inferior   to  DDT,   TDE,    and  methoxychlor 
for  the  control  of  "black  fly  larvae. — Travis   (458). 

Chlordane  was   tested  in  the   form  of  a  25-percent   emulsion  concentrate 
with  65  percent  xylene  and  10  percent  Triton  X-100,  also  as  a  10-percent 
solution  in  Yelsicol  AR-50  and  fuel  oil.     Chlordane  in  fuel  oil,   at  1.185 
p.p.m./min.,    or  1:12,700,000  for  15  minutes,   gave  partial  control   for  a 
short  distance  from  the  point  of  application. — Hocking  ^t  a^..    (220) . 

In  flume  tests  on  larvae  of  a  "black  fly,   Sjmulium  venustum  Say,   made 
in  the   summer  of  19^7  in  the  White  Mountains  of  New  Hampshire,    chlordane 
did  not  cause  100  percent  detachment  at  4  p. p.m. — Kindler  and  Regan  (2  61) . 

Tabanidae 

Tab  anus   sulcifrons  Macq. 

Chlordane   is   ineffective   in  protecting  animals  from  attack  by  horse 
flies.—  Bishopp  and  KniplingQ4);    Knipling   (264). 

Chlordane   as   a  10-porcent    solution   in  a  mixture   of  Number  1   fuel   oil 
and  cyclohexanone  was  applied  at    the  rate   of  2  pounds   of   toxicant  per   acre 
by  a  plane  which  flew  at  5  to  20  feet  above   the   tree   canopy.      The   effective- 
ness of   the   material  was  determined  by  counting  flies   attacking  draft 
horses  led   through  the   test  plots  1  day  before   spraying  and  1,    2,    3t    5,    euad 
7  days  after   treatment.      The  results  appeared   somewhat   erratic  and   no  ap- 
preciable  effect   on  fly  populations  could  be  demonstrated  for  any  of   the 
insecticides   tried.      Tabanus  abactor  and  T.    sulcifrons  were   the   two  most 
abundant    species.      T.    atratus.    T.   vittigpr .    T.    mularls.    and  T.  venustus 
were  present   in   small   numbers.     A  few   species  of  Chrysops  and  Sjlvjua  were 
also  present. — Howell   e_t   al.    (228) . 

Chlordane   continues   to   kill    tabanids   feeding  on  livestock  for   about 
one  day  after   treatment. — U.    S.   Bur.    Ent .    and  Plant    ^uar .    (^oc) . 
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Tiypetidae 
BaS&l  try  on  1  Jrogg. ,  a  fruit  fly 

In  Hew  South  Wales,  chlordane  proved  inferior  to  DDT,  "benzene  hexa- 
chloride,  and  tartar  emetic  for  the  control  of  this  fruit  fly  on  plum.  The 
chlorinated  insecticides  were  applied  as  diluted  emulsions  containing  0.2 
percent  of  the  toxicant  at  fortnightly  intervals  at  the  rate  of  ahout  1  gal- 
lon per  tree.  Sugar  at  the  rate  of  1  pound  per  10  gallons  of  spray  was  in- 
cluded with  all  three  chlorinated  insecticides  to  encourage  feeding  "by  the 
flies.  The  bait  spray  consisted  of  2  ounces  tartar  emetic  and  2.5  pounds 
of  sugar  in  4  gallons  of  water,  applied  at  the  rate  of  nearly  9  fluid 
ounces  per  tree.  At  harvest  the  percentages  of  undamaged  fruits  were  93«8 
for  tartar  emetic,  92.3  and  85.9  for  the  two  DDT  sprays,  69.7  for  benzene 
hexachloride,  and  5^»1  for  chlordane. — Allman  and  Friend  (l4) . 

^hagoletis  cingulata  (Loew) ,  the  cherry  fruit  fly 

B.  fausta  (0.  S.),  the  black  cherry  fruit  fly 

Chlordane,  50-percent  wettable  powder  at  1  pound  of  toxicant  per  100 
gallons  of  water,  greatly  reduced  the  infestation,  hut  failed  to  meet  the 
requirement  of  99*5  percent  of  maggot-free  fruit. — Cox  (86). 

Rhagoletls  pomonella  (Walsh),  the  apple  maggot 

In  lahoratory  tests  at  the  New  York  Agricultural  Experiment  Station  in 
I9J47  chlordane  showed  a  high  degree  of  toxicity.  The  rate  of  kill  at  the 
higher  dosage  levels  was  more  rapid  than  with  DDT,  although  the  knockdown 
rate  was  slower. — Dean  (99) . 


SIPHDNAPTERA 
Pulicidae 


C  t  eno  c  e-phal  i  de  9  spp. 


When  dogs  were  dipped  in  a  0. 42-percent  technical  chlordane  emulsion 
all  fleas  were  dead  in  1  hour.  No  fleas  were  found  at  the  end  of  24  hours 
on  cats  similarly  dipped.  Redipping  these  cats  7  and  23  days  later  caused 
no  had  effect. — Turk  and  Batte  (460). 


ACAEINA 

Ixodidae 

Amblyomma  amer  icanum  (L . )  t  the  lone  star  tick 

Chlordane  dips  at  concentrations  of  0.25,  0.5,  0.75,  and  1.5  percent 
gave  complete  or  nearly  complete  control  of  the  flat  stages  on  goats  and 
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cattle  and  0.75  and  1.5  percent  concentrations  caused  nearly  complete  kill 
of  all  stages.  DDT  on  the  same  basis  failed  to  kill  all  of  the  engorged 
forms  at  1.5  percent  concentration.   The  two  insecticides  were  about  equal 
in  preventing  reinfestation. — U.  S.  Bur.  Ent.  and  Plant  iuar.  (4oc  . 

In  preliminary  tests  at  Camp  Bullis,  Texas, against  the  lone  star  tick 
dusts,  applied  at  the  rate  of  1  to  2  pounds  of  chlordane  per  acre,  were 
superior  to  DDT  dusts  applied  at  the  sane  rate.  A  wettable  powder  and  an 
emulsion  containing  chlordane  when  applied  a6  sprays  to  infested  cattle  at 
concentration  ranging  from  0.25  to  1.5  percent  chlordane  also  proved  more 
effective  than  DDT  against  the  same  tick.   The  two  materials,  however,  ap- 
peared to  be  about  equal  on  the  basis  of  duration  of  effectiveness  against 
reinfestation.— Knipling  (264). 

In  tests  in  Florida  chlordane  proved  promising  against  the  lone  star 
tick  when  applied  as  a  dust  to  infested  areas,  and  it  appeared  to  be  super- 
ior to  DDT  for  this  purpose. — Knipling  (265) . 

Dipping  dogs  in  a  0.42  percent  technical  chlordane  emulsion  killed  all 
ticks  except  a  few  engorged  females.— Turk  andBatt*  (4^0) . 

Boorihilus  microplue-  (Canestr.) 

Four  cows  were  sprayed  with  a  0.25  percent  emulsion  of  chlordane  every 
28  days.  No  female  adult  ticks  reached  maturity  on  these  ccv.-3  although  they 
were  exposed  to  heavy  larval  infestation. — Legg  (286) . 

Dermacentor  alb ip ictus  (Pack.),  the  winter  tick 

Chlordane  shows  a  distinct  superiority  over  DDT  against  the  winter  tick 
on  cattle  and  horses.  Nearly  complete  control  of  all  stages  has  been  ob- 
tained with  sprays  at  concentrations  of  0.75  percent  chlordane,  whereas  I 
at  1.5  percent  killed  only  a  small  percentage  of  the  engorged  forms.  From 
the  standpoint  of  protection  against  reinfestation  chlordane  is  also  super- 
ior to  DDT,  At  0.5  and  0.75  percent  chlordane  prevents  reinf estations  for 
about  two  months  as  compared  with  ^ne  month  for  DDT  at  the  sane  concentra- 
tions. Chlordane  as  a  5-percer.t  cvst  has  also  given  good  control  cf   winter 
ticks  and  proved  superior  to  DDT. — Biahopp  and  Knipling  (34):  U.  S.  Bur. 
Int.  and  Plant  Quar .  (468). 

Dermacentor  variabilis  (Say),  the  American  dog  tick 

Same  as  fcr  Aml'lyom.ma  a^ericanuq. — U.  S.  Bur.  Ent.  and  Plant  -vuar .  ( 

Derrxirrysgus  gallinae  (Deg.),  the  chicken  mite 

Dusts  containing  2  percent  and  5  percent  of  chl     B  were  dusted  into 
a  petri  dish,  mites  were  placed  on  the  dusted  surface,  ?r£    the  dish  was 
covered  to  prevent  their  escape.  There  were  no  dead  mites  in  the       ane 
ter'  f  48  hours. — Eixson  and  Muma  (CI?) . 
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Otobius  megnini   (Duges),   the  ear  tick 

A  mixture  of  5  parts  of  chlordane  and  95  parts  of  pine  oil  introduced 
into  the  ears  of  cattle  remained  effective  for  22  days  and  was  considered 
at  least  at  effective  as  a  mixture  containing  5  percent  of  BHC  in  repelling 
larvae  of  this  tick, — U.   S.  Bur.  Animal  Ind.    (465). 

Psoroptidae 

Psoroptes  eaui  var.   cunlculi  (Delafond),   the  ear  mite 

These  mites  on  a  rabbit  were  not  killed  when  the  rabMt  was  fed  chlor- 
dane.— Knipling  et  al.    (266). 

Demodicidae 
Demodex  canis  Leydig,   the  dog  follicle  mite 

Sarcoptidae 

Sarcoptes  scabiei  canis   (Gerl.),  mange  or   sarcoptic  mite  of  dogs 

Jive  dogs  heavily  infested  with  sarcoptic  mange,   of  which  3  had  lesions 
of  demodectic  mange,  were  treated  with  an  emulsion  of  0.25  percent  chlordane. 
All  treatments  were  applied  by  dipping  the  animals  and  holding  them  in  the 
liquid  for  from  thirty  to   sixty  seconds  with  at  least  two  complet   submerg- 
ences.    The  dip  was  warmed  to  a  temperature  of  100  to  110°  T.     Exception- 
ally large  or  heavy  demodectic  lesions  were  scrubbed  with  a  firm-bristled 
brush  while  the  animal  was  in  the  liquid.     The  dogs  treated  with  chlordane 
were  allowed  to  run  with  untreated  animals.     One  of  the  chlordane-treated 
dogs  that  was  heavily  infested  with  sarcoptic  and  demodectic  mange  also 
had  several   small  demodectic  lesions  three  weeks  following  treatment.     As 
isolation  of  the  test  animals  was  not  complete,   no  further  checks  on  the 
test  were  made.      None  of  the  animals  showed  any  ill  effects  from  the  treat- 
ments.— Muma  and  Spencer   (336) . 

Chlordane  was  effective  in  treating  common  and  red  mange  in  dogs.     The 
dogs  were  dipped  in  a  50-gallon  barrel  half  filled  with  a  0,25  percent 
chlordane  solution,   and  held  In  the  dip  for  30  to  60  seconds. — Spencer 
Gfi2.  i£5). 

Sarcoptes  scabiei  suis   (Gerl.) 

One  application  of  a  0.25-percent  chlordane   solution  thoroughly  applied 
completely  cleaned  up  sarcoptic  swine  mange  on  800  infested  hogs  in  Nebraska. 
The  0,25-percent   chlordane   solution  was  made  by  adding  500  ml.   of  74-percent 
emulsifiable  concentrate  to  50  gallons  of  water.     This  was  applied  with  a 
power   sprayer  using  from  1  to  2  quarts  per  head  with  from  50  to  250  pounds 
of  pressure—Spencer  (JQadaS) .  •  pL^  ^^ 


Te  :ae 

tranychua  cltrl   (McG.),   the  citrus  red  nite 

In  laboratory  tests  tha      2U-hour   median  lethal   concentration  of   chlor- 
dane   to   the   mite  was  1,0  percent. — Metcalf    (32^) . 

Tetr  any  chug  bloaculatus  Harvey,    the  two-epotted  spider  mite 

Dusts  containing  2  or    3  percent   of  chlordane  were  less   effective  than 
containing  5  percent   of  azobenzene  or   0.5  percent  of  parathion  in  con- 
trolling the   two-spotted  mite  on  lima  "beans,    also  chlordane    sprays   of  1   or 
2  pounds  of   20-percent  wettaole  powder  per   100  gallons   of  water  were  less 
effective  than  sprays  of   toxaphene,   benzene  hexachloride,   azobenzene,    and 
hexaethyl   tetraphosphate. — Huckett    (229/ . 

A   spray  of  chlordane  50-percent  wettable  powder   (0.125  percent  chlor- 
dane) was  applied  to   soybean  plants  which  were  then  infested  with  mites. 
After  19  days   the  number   of  live  mites  on  the  bean  foliage  was  about   the 
same  as  in  the  test  where  0.125  percent  DDT  was  applied.      The  parathion 
sprayed  soybeans  showed  the  lowest  populations  of  mites  and  eggs  at   the  end 
i   tests.— Vingo  and  Thomas   (502). 

Tetr any chug  pacifjcus  McG.,    the  Pacific  mite 

Chlordane  at  0.5  pound  of  50-percent   emulsion  for  100  gallons  of 
water  controlled  Pacific  mites  well  until   the  end  of  June,   but  after  that, 
although  the   trees  were   sprayed   seven  times  altogether,    control  was  poor. 
These   tests  were  made  at  Yakima,   Washington  in  19^7  • — Newcomer  and  Dean 

Tetranychus  spp. 

Eed  spider   infestations  on  cotton  developed  in  some   cases  where  a 
dust   containing  3  percent   of  chlordane  and  3  percent  of  DIT  was  used. 

Against  the  red  spider  10-percent  chlordane  was  more  effective  than 
sulfur . — Bishopp  (J2) . 

The  red   spider  on  cotton  is  not   controlled  by  chlordane. — Harned    (ZOO  . 

« 
In  the   state   of  Washington  in  19^+7   chlordane  proved  relatively   ineff^c- 
Lgainst  mites,   but   controlled  the  woolly  aphid  to   some   extent.      It   dees 
not  seem  to  have  a  place   in  the  orchard  spray  program. — Newcomer    ( 2k5)  • 

Trombiculidae 
a   (Eutromblcula)  jpJLr 
(Eutrombicula)   alfreddu^esi    (Oud.),    the   chigger 
Applied  as  an  emulsion,    chlordane  at   8,    4,    and   2  pounds   per  acre  gave 
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control  equal  to  that  of  hydro:cypentamethylflavan  at  4  pounds  per  acre 
throughout  the  17-day  period  of  observation. — Smith  and  Gouck   (422) . 

Applied  as  a  dust  or   spray  at  the  rate  of  2  or  4  pounds  per  acre, 
chlordane  compared  favorably  with  other  miticides,    such  as  "benzene  hexa- 
chloride  and  hydroxypentamethylflavan. — Knipling  (264) ;  U.   S.  Bur.  Ent. 
and  Plant  Quar.    (468). 


Trorabidiidae 

Eutrombldium  trigonum  (Herm. ),   the  red  grasshopper  mite 

Very  few  grasshopper  mites  were  killed  by  chlordane,   3/4  or  1  pound 
per  acre,  applied  for  the  control  of  grashopper.—  Sever  in   (413,). 
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